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P R E F A C E 
The present study i s intended to bring a t one place , 
i n the form of annotation, most of the s ign i f ican t and l a t e s t 
l i t e r a t u r e tha t i s avai lable on 'Nxicleus-Nucleus Coll is ions 
a t high energy' . Al thou^ t h i s bibliography i s se lec t ive i n 
nature , an attempt has been made to cover a l l the aspects of 
nucleus-nucleus co l l i s ions . 
I am hopeful tha t t h i s bibliography wi l l be helpful to 
a l l those Mftio want to know about nucleus-nucleus co l l i s ions 
a t h i ^ energy. 
Methodology 
The primary sources were consulted in the following 
l i b r a r i e s ; 
i ) , Maulana Azad Library, Aligarh Muslim IMiversity, 
i i ) . Seminar Library, Department of Physics, Aligarh 
Muslim University. 
The procedure followed in preparing t h i s bibliography 
i s as follows; 
1. Primary Sources were consulted in M,A,Library,AMU 
and Seminar Library, Department of Physics,AMU. 
2. On completion of abs t r ac t s , subject headings were 
assigned t h a t are coextensive to the extent poss ib le . 
3 . Subject headings were arranged in alphabet ical 
sequence of various elements. 
4. In the end two separate indexes were prepared viz. 
Author Index and T i t l e Index providing reference to 
various e n t r i e s by t h e i r respective numbers. 
(iii) 
5. No separate index for subject i s provided as 
bibliography i t s e l f arranged a lphabet ica l ly 
through the subject headings. 
Standard Followed 
Case has been taken s t r i c t l y to follow the ru les and 
p rac t i ces of Indian Standards for Bibliographical References 
for each entry of the bibliography. Thus i t gives a unifor-
mity for the bibl iographical references throughout the 
selected bibliography. The items of bibl iographical reference 
for each entry of per iodical are arranged as follows^ 
(a) Subject Heading 
(b) Author's Name followed by fu l l s top( . ) 
(c) TiUe followed by fu l l s top( . ) 
(d) Name of the Periodical followed by semi colon(») 
(e) Volume Number followed by Comma(,) 
(f) Issue Number followed by semi colon(») 
(g) Year of Publication followed by comma(,) 
(h) Month of Publ ica t ion , i f given followed by semi 
co lon(0 
( i ) Number of pages devoted to the a r t i c l e followed by 
fu l l s top( . ) 
(d) At the end abs t rac t i s given. 
Example: 
HECKMAN(HH). Central co l l i s ions produced by r e l a t i v i s t i c 
heavy ions in nuclear emulsion. Physical Review C; 17,5» 1978, 
May; 1651-64. 
vAm I 
mwo(Dumon 
I n t r o d u c t i o n 
1.1 Historical Backgrotrnd 
Discovery of heavy nuclei in primary cosmic rays in 
1 9 ^ provided an opportunity to study nucleus-nucleus 
collisions for the f i r s t time by Frier et^ a l . Early invest i -
gations were concerned mainly with -tiie interaction mean free 
path and the fragmentation parameters as these data are 
requi;?ed for estimating the abundances of cosmic rays at 
thei r sources from their abundances a t the top of atmosphere. 
Although some very interesting results were obtained, studies 
of nucleus-nucleus collisions were not pursued further because 
the wide spectrum of energies and masses of primary cosmic ray 
nuclei rendered a systematic study very diff icult . 
Interest in the studies of nucleus-nucleus collisions 
was revived with the commissioning of heavy ion accelerators 
a t Berkeley and Dubna in early seventies. At the same time, 
theoretical physicists were speciilating that when nuclear 
matter was compressed to several times the normal nuclear 
density and was simultaneously heated, i t might undergo a phase 
transition and a lo t of exotic phenomena e.g. pion candensation, 
production of q\iark-gluon plasma etc. could occur. Cbnditions 
of high density and temperature could be produced during 
nucleus-nucleus collisions at high energies. I t i s th is possi-
b i l i ty that makes the study of these collisions very in te res t -
ing. 
During the l a s t 15 years , a number of inves t iga t ions 
have been car r ied out to search for the exotic phenomena. 
All these experiments gave negative r e s u l t s . But t h i s does 
not mean tha t these phenomena do not occur. Perhaps we are 
not looking in the r ight d i rec t ion . 
Avai labi l i ty of beams of r e l a t i v i s t i c nucle i also made 
i t possible to study the fragmentation of nuclei in a sys te -
matic manner. A large number of e:$>eriments have been performed 
to study the mechanism of nuclear fragaientation. Great p ro -
gress has been made in our understanding of t h i s phenomenon 
and r e su l t s have been found tha t are i n t r i n s i c a l l y i n t e r e s t i n g 
and wil l also be valuable for planning new e3q)eriments a t 
higher energies. In fac t , p r o j e c t i l e fragmentation has become 
a powerful a l ly in the production of neutron-r ich i so topes . 
Before s t a r t ing a deta i led survey of nucleus-nucleus 
co l l i s i ons , we make some general intixjductory remakrs: In an 
ordinary nucleus, the density of nucleus i s around ^ 0.l6/fm^. 
So tha t the close neighbour separation i s 2fm. This distance 
i s much l a rge r than the de-Broglie wave length of a nucleon 
moving a t r e l a t i v i s t i c energy. Therefore, during nucleus-
nucleus co l l i s ions a t r e l a t i v i s t i c energies , the p ro j ec t i l e 
nucleans can recogiise the indiv idual i ty of the t a r g e t nudeons 
and vice versa. At these energies , the mean free pa-Oi, \ , of 
a nucleon moving through a nucleus of normal density approaches 
^NN) 1.6 fin, \ihere 1^ 
nucleon-nudeon in te rac t ion cross sect ion, vAiich i s f a i r ly 
the free value \ ^ = l / ( ^ N^N i s the 
constant a t high energies . This value of i n t e rac t ion mean 
1/3 free path i s smaller than the nuclear rad ius , R^ - 1.2A ' ^fm. 
Furthermore, the d i f fe ren t ia l cross section grows predominantly 
forward peaked. Conseqiiently, an incident high energy nucleon 
wi l l ejqperience several co l l i s i ons with the t a r g e t nucleus 
while tending to preserve i t s forward motion. 
1.2 Class i f icat ion of Nucleus-Nucleus Coll is ions 
I t i s possible to understand the features of h i ^ energy 
nucleus-nucleus co l l i s ions on a simple conceptual basis in 
yihich. the col l id ing nuclei are p ic tured as two clouds of i n d i -
vidual nucleons propagating through each other , with the 
nucleons suffering sequential hard co l l i s ions with those of 
•ttie other nucleus (Fig, 1,1). Although t h i s geometrical p ic tu re 
i s very s impl i s t i c , i t serves to introduce some concepts t ha t 
have been proved very useful i n discussing various character-
i s t i c s of nucleus-nucleus co l l i s ions . For example, the concept 
of pa r t i c ipan t s and spectators follows na tura l ly from t h i s 
p i c tu re , Nucleons in the overlap region between p r o j e c t i l e 
and t a rge t nuclei cons t i tu te the pa r t i c ipan t s vAiereas the 
nucleons involved in the non-overlap region of the p r o j e c t i l e 
and t a rge t are respectively ca l led the pro;}ectile spectators 
and ta rge t spectators . The volumes of p r o j e c t i l e and t a rge t 
spectators and pa r t i c ipan t regions for a given p a i r of p ro jec-
t i l e and t a rge t depend i?)on the impact parameter b. When the 
impact parameter i s l a rge , the overlap volume, i . e . pa r t i c ipan t 
volume i s very small, only a few nucleons leave the p r o j e c t i l e 
o r the ta rge t and large s l igh t ly excited p r o j e c t i l e and t a rge t 
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Fig. 1.1 Partcipant-spectator separation e3q)ected 
in high energy nucleus-nucleus coll isions. 
fragments remain. This type of co l l i s ion i s ca l led the 
per ipheral co l l i s ion . In a per ipheral co l l i s i on , the p ro jec-
t i l e and t a rge t spectators suffer only a l i t t l e disturbance 
and therefore emerge with r a p i d i t i e s close to those of p ro jec -
t i l e and t a rge t , Y and Y™. The spectators decay mainly in to 
large fragments. 
Since the p ro j ec t i l e and t a rge t specta tors are charac-
te r ized with the neutron to proton r a t io associated with 
respectively the p ro j ec t i l e and t a rge t , the r e su l t i ng f rag-
ments tend to carry the same r a t i o and thus o rd inar i ly be 
excessively neutron-r ich for t h e i r mass. This special feature 
of high energy co l l i s ions has been turned in to a powerful mean 
of producing neutron-rich isotopes far from the s t a b i l i t y l i n e . 
When the impact parameter i s small, the t a rge t and 
p r o j e c t i l e overlap completely. This type of co l l i s ion i s 
ca l led the centra l co l l i s ion . During a cent ra l co l l i s ion , 
the nucleons suffer hard co l l i s i ons and some of them could be 
exci ted to -resonances, producing pions. 
1«3 Impact Parameter 
The cha rac te r i s t i c fea tures of nucleus-nucleus co l l i s ions 
a t r e l a t i v i s t i c energies depend, from geometrical point of view, 
on the impact parameter. The co l l i s ion i s determined by the 
value of the impact parameter and can be devided in to three 
categories : per iphera l , quasi cent ra l and cent ra l co l l i s i ons , 
corresponding to l a rge , medium and small values of i n t a c t 
parameter respect ively . Figure 1.2 shows these three types 
of co l l i s ions quite c lear ly . I f R^  and Rp are the r ad i i of 
the p ro j ec t i l e and ta rge t nuclei respectively and b i s the 
impact parameter then 
b _ (R^ + R2) for per ipheral co l l i s ions 
(R^+ Rp) > b ^ R^  - Rp for quasi cent ra l co l l i s i ons 
and 0 j< b < R^  - R for centra l c o l l i s i o n s 
In per ipheral co l l i s i ons , the col l id ing nuclei are well 
separated in t h e i r cent res . This allows only a small momentum 
t ransfer between the nuc le i , leading to the breaki:?) of one or 
both of them into fragments. The cha rac t e r i s t i c s of the emitted 
fragments are determined by the i n t r i n s i c Fermi momentum d i s t r i -
bution of nucleons within the fragmenting nuc le i . The pro jec-
t i l e fragments are emitted within a narrow cone around the beam 
di rec t ion , while the ta rge t fragments are nearly i so t rop ica l ly 
d i s t r ibu ted in the laboratory frame. The rap id i ty d i s t r ibu t ion 
consis ts of p ro j ec t i l e and t a rge t fragmentation regions vriiich 
are well separated a t r e l a t i v i s t i c energies , as shown in Fig, 
1.2A. 
In quasi central co l l i s i ons , p ro j ec t i l e and t a rge t nuclei 
are close to each other vAiile in central co l l i s ions they are 
c loser . The difference in the two types could be understood 
on the basis of number of nucleons taking p a r t in the react ion. 
In both cases, the whole kinematically allowed rap id i ty space 
i s available for produced p a r t i c l e s , the difference being in 
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Fig. 1.2 A schematic out l ine of pseudorapidity d i s t r i -
butions in heavy ion co l l i s ions a t high energy, 
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the degree of population of the central region. In the 
centra l co l l i s ions (vrtiich are more violent and more complex), 
we shal l e^qsect almost complete ext inct ion of p r o j e c t i l e 
fragmentation products and the rap id i ty space avai lable for 
the p a r t i c l e s i s almost l imi ted to the region between p r o j e c t i l e 
and t a rge t fragmentation (Fig. 1.2b and 1,2c). 
An in5)ortant observation about the c e n t r a l i t y of c o l l i s i o n s 
needs mention. The cross-sect ion for cent ra l c o l l i s i o n s , 
according to the geometrical de f in i t ion , wil l be very small 
vfeen the s izes of col l id ing nuclei are con5)arable. In the 
extreme case, the probabi l i ty fo r cent ra l c o l l i s i o n s wi l l become 
zero vdien R^  = Rp. This shows tha t a s t r i c t geometrical de f i -
n i t ion of cent ra l co l l i s ions i s not appropr ia te . In fac t we 
do not have any s t r i c t def in i t ion of v^at we mean by a cent ra l 
co l l i s ion . Instead, the se lec t ion c r i t e r i a used in the e3q)eri-
ments to avoid peripheral co l l i s i ons determine the cen t r a l i l y . 
1.4 Mul t ip l ic i ty Measurements 
The e:q)erimental information from nuclear emulsion exper i -
ments i s mostly based on the mul t ip l i c i ty and angular d i s t r i -
butions of the produced p a r t i c l e s . These ac t as raw material 
for ex t rac t ing other v i t a l information. The charged p a r t i c l e 
mul t ip l i c i ty gives addit ional information about the geometrical 
aspect of heavy ion co l l i s ions . 
The primary aim of these s tudies i s to inves t iga te 
the dependence of fragment y ie ld on energy t r ans fe r between 
the col l id ing nuclei and t h e i r masses or charges. Experiments 
involving p , d and He co l l i s ions with uranium as well as of 
^^C and ^Ne with uranium have shown tha t ^He, ^^C and ^Ne 
give def ini te ly large fragment y ie ld indica t ing t h a t nuclei 
can deposit more energy than the other forms of hadronic probes 
such as pions or nucleons, Zabelman e t a l concluded tha t i n 
a -pa r t i c l e co l l i s i ons , the deposition energies are l a rge r than 
e i t h e r in proton or deuteron c o l l i s i o n s . Although the cross-
sections for the production of fragments from uranium are a 
factor of 1.5 higher with deuterons than with protons, the 
energy spectra of these fragments are not s ign i f ican t ly d i f fe ren t . 
Sandoval e t a l and Nagamiya and Morrissey have demons-
t r a t ed tha t charge p a r t i c l e m u l t i p l i c i t i e s and cross-sec t ions 
scale with pa r t i c ipan t number for inclusive spectra , according 
to the r e l a t ion 
g . (Z A | / 3 . Zj A 2 / 3 ) / (A1/5 • A J / 5 ) ^ 
where Z and A refer to charge and mass and P and T stand for 
p ro j ec t i l e and target respect ively. An i n t e r e s t i n g analysis 
was done in t h i s regard by Gutbrod e t a l . They showed tha t 
average associated mul t ip l i c i ty scaled with the k ine t i c energy 
of the p r o j e c t i l e for a l l types of p r o j e c t i l e s , where associated 
means the mul t ip l i c i ty measured V(*ien a proton with energy 
between 40 to 200 MeV was detected a t 90» in the laboratory frame. 
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Angelov e t a l studied the experimental data on the mul t i -
p l i c i t y of negative p a r t i c l e s produced in c o l l i s i o n s of 
l i ^ t nuclei p , d, He and C a t momentum A. 2 A GeV/c with 
propane and tantalum and they concluded tha t the average 
mul t ip l i c i ty depends on the atomic w e i ^ t of the incident 
nucleus. Nagamiya e t al have measiared the production of n , 
n", p , d, -^ H, %e and ^ e a t laboratory angles from 10" to 
145" in nuclear emulsion for Ne-NaF, Ne-Cu and Ne-Pb react ions 
a t 400 A MeV, C-C, C-Pb, Ne-NaF, Ne-Cu, Ne-Pb, Ar-KCL and 
Ar-Pb react ions a t 800 A MeV and Ne-NaF and Ne-Pb react ion a t 
2.1 A GeV. For equal mass nuclear co l l i s ions , the t o t a l 
in tegrated y ie lds of nuclear charges are well e3q)lained by a 
simple pa r t i c ipan t - spec ta to r model. The r a t i o of low energy 
n" to ir"*" as well as tha t of -^ He to l a r g e r than the 
neutron to proton ra t io of the system. The y ie ld r a t io of 
composite fragments to protons strongly depends on the pro;3ec-
t i l e and t a rge t masses and the p ro j ec t i l e energy, not on the 
emission angle of the fragments. A similar r e s u l t was obtained 
by Brockmann e t a l a t 1.08 A GeV in (Ar-KCl) c o l l i s i o n s . 
Frankel e t a l measured the cross-sect ion for producing Tr* and 
7T~ a t ve loc i t i e s close to t h a t of the centre of mass in Ar-Ca 
co l l i s ions a t 1.05 A GeV. The H* and TI~ data show a f l a t 
p la teau around Y^^^ = 0. The iT/n* r a t i o of 1.5+0.2 i s much 
lower than the theore t i ca l p red ic t ion but quite consistent 
with the r e s u l t of Nagamiya e t a l . 
Measurements of charged p a r t i c l e mu l t i p l i c i t y d i s t r i -
butions in the centra l rap id i ty region in p-p and p-a and a-a 
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co l l i s ions have been reported by Akesson e t a l . The measured 
centra l mul t ip l i c i ty d i s t r ibu t ions in u l t r a - r e l a t i v i s t i c p-a 
and a-a co l l i s ions are well f i t t e d using the p-p cross-sections . 
Easaeva e t a l obtained data from a 2--meter propane bubble 
chamber i r r a d i a t e d vdth r e l a t i v i s t i c nuclei p , d, He and C. 
The data have begn used to inves t iga te the dependence of the 
average mul t ip l i c i ty of secondary charged p a r t i c l e s on various 
types of produced p a r t i c l e s in nucleus-nucleus co l l i s i ons . 
Strong dependence of the average mul t ip l i c i ty of charged p a r t i -
c les on the mass number of the incident nucleus was observed 
and the mul t ip l i c i ty in a heavy t a rge t Ta increased more rapidly 
than in a l i g h t t a rge t C. These r e s u l t s were e:jgjlained on the 
bas is of a simple geometrical p ic tu re of the co l l i s i on by the 
increase of the average number of nucleon-nucleon co l l i s i ons i n 
the col l id ing nucle i . 
Using cosmic ray data, Atwater and Fre ie r studied the 
meson mul t ip l ic i ty as a function of energy, a t energies upto 
100 A GeV in nucleus-nucleus co l l i s ions in nuclear emulsion. 
The data show t h a t the var ia t ion of mul t ip l i c i ty coiiLd be explai-
ned in terras of sinqjle nucleon-nucleon superposition model. They 
concluded tha t the mul t ip l i c i ty per i n t e r ac t ing nucleon in 
nucleus-nucleus co l l i s ions does not d i f fer s ign i f ican t ly from 
p-p c o l l i s i o n s . I .Ot ter lund has also compiled the average 
mul t ip l i c i ty data from LBL-Berkeley, Dubna and cosmic ray works 
in emulsion. The data show t h a t the average pion mul t ip l i c i ty 
i n r e l a t i v i s t i c heavy ion c o l l i s i o n s , can be factor ized into 
one energy independent p a r t , P, and one dependent p a r t n ( E ) as 
12 
n3 = n^(E).p\ 
Many other workers also reported r e s u l t s on mul t ip l i c i ty a t 
different energies and for d i f ferent p r o j e c t i l e s . 
1,5 Angular and Momentum/Energy Distr ibut ion 
Efforts to ejqslain the shape and other fea tures of 
angular and momentum spectra of emission products go a la rge 
way in es tabl i sh ing the i r production mechanism. For example, 
p r o j e c t i l e fragmentation i s e:q)ected to cause c l u s t e r formation 
in the emitted fragments. Study of t he i r momentum spectra 
might then help to know the d i s t r ibu t ion of p a r t i c l e s ' momenta 
inside the p r o j e c t i l e before fragmentation occurred and so on. 
We discuss below the r e s u l t s of such measurements. 
Heckman et^ a l have measured the projected angular d i s t r i -
bution of Z = 1 and Z = 2 secondaries from p r o j e c t i l e fragmen-
ta t ion in the co l l i s ions of C, 'li and 0 nuclei wilii emiiLsion 
a t 2.1 A GeV. These are found to be Gaussian d i s t r ibu t ions 
with standard deviation o„ . = 1,30 - I .50, 9 < 16* and o^ ^= 
Z.s:1 ' p — Z=2 
0.65*, ©- < 1.5*. For Z=1 fragments the peak i s siperposed on 
a broader d i s t r i bu t ion with a = 7 .5" . For Z=2 fragments also 
there i s a t a i l extending to la rge angles. These observations 
show tha t Z = 1 and Z = 2 fragments are prod\x:ed with t ransverse 
momentum grea ter than v*iat i s cha rac t e r i s t i c of the per ipheral 
co l l i s ions . The pr inc ipa l conclusion they come to i s t ha t the 
projected angular d i s t r ibu t ions for both Z = 1 and Z a 2 f rag-
13 
ments emitted from N, » 0 type events in emulsion are in 
agreement vdth the single p a r t i c l e inclusive spectra. The 
angular d i s t r ibu t ions are independent of the p r o j e c t i l e 
and exhibi t featiires of l imi t ing fraj^entat ion. 
Bhanja e t a l studied the fragmentation of N nuclei 
a t 2.8 A GeV/c and observed tha t the angular d i s t r i bu t ions 
of m\iLtiply charged p r o j e c t i l e fragments (Z = 2 to 5) emitted 
from Nj^  £ 8 (peripheral) co l l i s i ons are found to be s imilar 
to single p a r t i c l e inclusive e:?)eriments, in agreement with 
the cha rac t e r i s t i c s of the l imi t ing fragmentation hypothesis. 
Gosset e t ^ have made elaborate s tudies of inclusive 
react ions of ^e and Ne p r o j e c t i l e s vdth aluminium and 
uraniiM t a r g e t s a t selected incident energies ranging from 
0.25 to 2.1 A GeV. They concluded that*, ( i ) The angular d i s -
t r ibu t ions are smooth and forward peaked, tending to an 
evaporation peak a t low energies, ( i i ) Specific isotopes p ro -
duction a t fixed energies i s independent of p r o j e c t i l e mass 
but depends on t a rge t material , ( i i i ) The forward peaking 
increases with fragment mass for a l l beam energies . 
The experiments of GSI-LBL-ANL col laborat ion have shown 
t h a t l i g h t and heavy firagments are produced from different 
c lasses of co l l i s ions . Low energy npclear fragments(12j^A^l40) 
from the bombardment of Au by high energy protons , ^ e and ^Ne 
are measured to y ie ld information on the breakup of the t a r g e t 
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nucleus. The energy spectra of fragments from the residues 
of the \d.olent co l l i s ions show l i t t l e dependence on p r o j e c t i l e 
mass and energy while the angiiLar d i s t r i bu t ions show more or 
l e s s forward peaking, depending on -ttie p r o j e c t i l e mass and 
energy. 
Heckman et^ a l studied angular cor re la t ions between p r o j -
e c t i l e and t a r g e t fragments emitted from nuclear co l l i s ions 
of ^ ^ nuclei with AgBr nuclei a t 0.85 A GeV. Their measure-
ments show tha t both p r o j e c t i l e and t a rge t fragments ejdiibit 
s igni f icant asymmetries in the azimuthal cor re la t ions . They 
also suggest tha t non- t r iva l angxilar cor re la t ions may be p resen t . 
1.6 Total Cross-sections 
Jaros e t ^ have made systematic measurements of nucleus-
nucleus t o t a l cross-sect ions for a number of p r o j e c t i l e / t a r g e t / 
energy combinations of l i g h t nuc l e i , i . e . , p , d, a and C a t 
0.87 and 2.1 A GeV. Glauber multiple sca t te r ing theory(59) 
has been used to p red ic t accurately nucleon-nucleus (N-A) t o t a l 
cross-sect ions in the few GeV range. The underlying motivation 
was to t e s t the app l icab i l i ty of two a l t e rna t ive formalism, v i z . , 
Glauber* s multiple sca t ter ing theory and Gribov* s Regge fac to -
r i za t ion hypothesis. The former i s e s sen t i a l ly a geometrical 
theory involving the folding of basic nucleon-nucleon scattei>-
ing amplitudes, with known nuclear matter d i s t r i bu t ions . The 
theory has been extended by Czyz to nucleon-nucleon (N-N) c o l l i -
sions and used to p red ic t t o t a l and i n e l a s t i c c ross -sec t ions . 
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I t p red ic t s t h a t o^ a (AJ + A^ ' ) ^ . On the o ther hand, 
Gribov's hypothesis of the form 
0^ (AA) « o | (AB) / a^(BB), 
p red ic t s tha t a^(AA) a A ' ^, ( I f vre l e t B = nucleon = P, 
and use the fac t t ha t a„(PA) a A"^- ,^ we obtain 
Oj(AA) a A^/^. 
Thus, fac tor iza t ion p red ic t s A '^ -^, \ ^ i l e a Glauber approach 
vrould p red ic t A '^ , quite d i f ferent and eas i ly t e s t a b l e . 
The e3?)erimental data of Jaros e t a l showed agreement 
with Glauber theory, indica t ing thereby tha t the fac tor izar 
t ion hypothesis holds predictably a t high energies . Nagamiya 
et^ a l and Frankel ^ ^ also made systematic measurements for 
production cross-sect ion for a number of p r o j e c t i l e / t a r g e t / 
energy combinations of l i ^ t nucle i . 
1.7 Reaction Cross-section 
An enjpirical expression tha t has t r a d i t i o n a l l y been 
used to i n t e r p r e t the data on nucleus-nucleus react ion c ross -
sect ions i s the Bradt-Peters r e l a t i on 
^BT = "^0 2 (A^/3 . A^/3 . b)2. ( 1 . , ) 
Here Ap and Aj, are the baryon numbers of the p r o j e c t i l e and 
t a r g e t respect ively and b i s an overlap parameter, representing 
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diffuseness and p a r t i a l transparency of nuclear surface. 
Relation 1.1 has stood the t e s t of time, although the values 
of r and b have kept changing s l igh t ly . Consistent f i t s to 
the heavy ion cross-sect ions data for a var ie ty of t a rge t / 
p ro j ec t i l e combinations have been reported (64-68) for r^ ^ and 
b in the ranges 1.15 i r^ i 1.^5 fta and 0 £ b £ 1.5 ovdng to 
the fact t ha t r and b are coiipled. 
Heckman e t a l have measured the mean free pa ths for He, 
^^C, ' ' ^ and 0 nuclei a t 2.1 A GeV in nuclear emulsion. By 
f i t t i n g the mean free path data to Karol ' s soft spheres model, 
they have determined the mean nucleon-nucleon cross-sect ion, 
which can be accounted by Eq. 1.1 with r^ « 1.36 fm and b=1.11. 
—1/3 —l/3\ Here b i s presumed to be a var iable of the type b = \)^{k^ ^*A^'^, 
considering b to be constant. Experiments of Westfall e t a l 
•56 
with heavy Fe p ro j ec t i l e a t 1.88 A GeV and t a r g e t spread over 
whole of the per iodic table (H, L i , C, S, Cu, Ag, Ta, Pb, U), 
also confirm the above observations, giving r = 1.47 + 0.04 fm 
and b^= 1.12 ± 0.16. Recently, Mangotra et^ a l and Bharti have 
all 
40, 
56 so measured the mean free paths of ^ Fe-Em a t 1.7 AGeV and 
'Ar-Em a t 1.8 AGeV respect ively and found t h a t the r e l a t i on 
of Bradt-Peters i s consistent with the experimental data. 
1.8 Fragmentation Cross-section 
I t has already been seen tha t the p r o j e c t i l e and t a rge t 
fi-agmentation products in per ipheral co l l i s i ons are well sepa-
ra ted on the pseudorapidity p l o t . This implies t h a t one should 
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be able to observe pure p r o j e c t i l e or pure t a rge t fragmen-
t a t ion reac t ions . I f such a separation could be es tabl ished, 
i t viould be tempting to determine to what extent the concepts 
of scaling and l imi t ing fragmentation could be applied to such 
nuclear process . 
Bevatron e:q)eriments on 0* fragmentation of r e l a t i v i s t ! c 
heavy ions a t E = 1.05 and 2.1 AGeV have shown t h a t the modes 
of fragmentation are independent of the mass of the t a rge t 
nucleus, a r e s u l t compatible with the p r inc ip le of l imi t ing 
fragmentation. Consequently, the fragmentation cross-sec t ion , 
for the react ion B+T ——> F+X, can be factor ized according to 
p 
>*iere g i s a function dependent only on the masses of the beam, 
B, and fragment, F, vdiile „ , cal led the t a r g e t fac tor , depends 
F 
exclusively on the ta rge t mass. Both g and m are independent 
of the beam energy. Experimental cross-sect ion f i t s show tha t 
1/4 l / ^ 
both ^ a A '^ as well as A^' -^  + constant account for the data 
quite well. 
A s t r a igh t forward t e s t , usually employed for verifying 
the l imi t ing fragmentation in per ipheral c o l l i s i o n s , i s to 
compare the react ion cross-sect ions for the process l i k e B+T -
F+X in the region of fragmentation peaks a t well separated 
energies . Jaros e t a l found tha t for d, ^ e and ^^C p r o j e c t i l e 
a t 0.87 and 2.1 A GeV 
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Og^(0,87 A GeV)/0g^(2.1 A GeV) = 1.00 + 0.01 
Detailed e3Q)eriment of Westfall ^ a l confirms the f a c t o r i -
zation of Ogm but gives s l i gh t ly di f ferent r e s u l t s . They 
find tha t ^ a A^(0.177 + 0.010), \rfiile A J ' ^ + B^'^ can not 
account for the data. Exceptions to s t r i c t f ac to r iza t ion have 
been observed for f r a ^ e n t a t i o n react ions in hydrogen, helium 
and heavy t a r g e t s , vAiere single nucleon-str ipping i s enhanced 
by coulomb dissocia t ion of p r o j e c t i l e s in the v i r t u a l photon 
f ie ld of t a rge t nucleus. Moreover, experiment of Chernov e t 
a l shows t h a t the fac tor iza t ion of fragmentation cross-sec t ions 
observed a t zero angle has probably a r e s t r i c t e d region of 
app l i cab i l i t y . I t i s broken for the in tegra ted cross-sect ions 
and the deviation from simple fragmentation increases vdth the 
mass of the incident nucleus. 
Thiis, the study of p r o j e c t i l e and t a rge t fragmentation 
process gives every indica t ion of being a r ich source of infor^ 
mation on nuclear s t ruc ture . There i s an accumulation of 
information indica t ing tha t both single p a r t i c l e momentum d i s -
t r ibu t ions and higher order co r re la t ions play an important 
ro le in p a r t i c l e production in the regions kinematically fo rb i -
dden to free nucleon-nucleon (N-N) co l l i s ions . The p r o j e c t i l e 
fragmentation a t high energies has proved to be a powerful a l l y 
in the production of new exotic nucle i . The area of cosmic 
rays and astrophysics continues to be aided through measure-
ments of various fragmentation cross-sect ions . 
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1.9 Abnormal States 
One of the most exci t ing motivations for the higji 
energy heavy ion phys ic i s t i s the p o s s i b i l i t y of studying 
the nuclear equation of s t a t e a t high dens i t i e s , temperatures 
and pressures as well as the search for phase t r a n s i t i o n s 
in to abnormal siperdense s t a t e s of matter l i k e pion conden-
sa tes density isomers and quark matter. I f l a rge conqpre-
ssions do occur, the exci t ing p o s s i b i l i t y e x i s t s t h a t new 
s t a t e s of nuclear matter may be discovered. These inves t iga -
t ions are centred around gaining an understanding of the 
behaviour of the nuclear equation of s t a t e . This equation 
gives the energy per nucleon as a function of density and 
temperature. I t i s d i f f i c u l t to p red ic t vdiat vdl l occur during 
the co l l i s ion . Therefore, even i f no new s t a t e s are discovered, 
any information which can be obtained about the parameters of 
t h i s equation wil l contribute to our understanding of the 
nature of the nuclear force. On the other hand, there are 
theore t i ca l speculations v^iich indicate t ha t th ings might be 
much more exci t ing . Specif ical ly , there are pred ic t ions t h a t 
a t dens i t ies several times the normal, nuclear matter may undergo 
phase t r an s i t i ons . 
One p o s s i b i l i t y for \diich there have been several theore-
t i c a l ca lcula t ions i s the t r a n s i t i o n to a pion condensate s t a t e . 
As the nuclear density i s increased the energy of the p a r t i c l e -
hole exc i ta t ion s t a t e s >^ich have the quantum number of the 
P — pion, J = 0 , decreases and may become zero a t some c r i t i c a l 
densi ty, . Since these pa r t i c l e -ho l e s t a t e s behave l i k e 
cr 
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bosons and a t the c r i t i c a l densi ty, „_, coiold be produced 
a t no energy cost , these quas i -pa r t i c l e s should then conden-
sate out of the vacuum. This represents a phase t r a n s i t i o n 
of nuclear matter from i t s normal ' l i q u i d ' s t a t e to a spin-
isospin l a t t i c e . I t would probably be a second order phase 
t r ans i t i on and would manifest i t s e l f as a shoulder in a p l o t 
of the equation of s t a t e . There has not been complete agree-
ment among the calculat ions as to the value of ^ j . . However, 
a value of 2-3 times the normal seems to be favoured. Unfor-
tunate ly , most of the ca lcula t ions are for i n f i n i t e nuclear 
matter a t zero temperature. The f i n i t e size e f fec ts and the 
la rge exc i ta t ion energies necessar i ly involved in the coinpre-
ssion add many complications and may even i n h i b i t the t r a n s i -
t ion from occiiring. Also, even i f the condensate e x i s t s 
experimental detection may be extremely d i f f i c u l t . Indeed, 
t heo r i s t s have had d i f f i cu l ty in agreeing on a s ignature . 
They do agree however tha t the condensate wi l l not lead to 
copious production of rea l pions in the labora tory . 
Another speculation i s t ha t a t suf f ic ient ly higji densi-
t i e s the nucleons wi l l lose t h e i r individual i d e n t i t i e s . Due 
to asymptotic freedom, the quarks may act l i k e free p a r t i c l e s 
and the nuclear matter may become a free quark gas. Calcula-
t ions based on the MIT bag model have shown t h a t the energy 
density of t h i s quark phase should vary with mass densi ty, , 
1/3 
as . On the other hand, ca lcula t ions for baryon matter 
show a dependence l i n e a r with . Once again the c r i t i c a l 
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density a t which the t r a n s i t i o n occurs i s model dependent 
but seems to be 10 times the normal. 
The behaviour of nuclear matter a t high dens i t i e s I s 
extremely important for astrophysics and cosmology, i n 
addit ion to i t s i n t e r e s t from a purely nuclear physics 
viewpoint. The density a t the centre of neutron s t a r t i s 
expected to be 3-U times the normal density. Therefore, i f 
they ex i s t a t these dens i t i e s , pion condensation and quark 
matter may have important consequences for the p roper t i e s 
of these highly compressed s t e l l a r objects . I t i s also 
important to know what h^pened in the early universe which 
according to the present big bang theory was extremely dense 
and hot . The r e l a t i v i s t i c nuclear co l l i s i ons probably provide 
the only means of simulating these conditions i n the laboratory, 
1.10 Nuclear Shock-wave Fragmentation 
The passage of p r o j e c t i l e through a nucleus causes 
density per turbat ions and the ef fect i s t ransmit ted thix)ugh 
nuclear matter . I f the p r o j e c t i l e veloci ty i s l e s s than the 
sound veloci ty in nuclear matter , the per turba t ion af fec ts 
the flow in a l l d i rec t ions and the density and pressiire are 
smooth functions of locat ions . In a sipersonic co l l i s ion , 
the effect of the strong per turbat ions in density and pressure 
propagates only downstream. This allows the formation of 
shock-waves, characterized by near d i scont inu t ies i n density, 
pressure and temperature. Regions of h i ^ nuclear density 
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(2-4 times the normal density) and high temperature(T 30-
200 MeV), ca l led shock zones, are e3q)ected to be created 
along the d i rec t ion of propagation of the shock-wave. 
The idea t ha t a nuclear shock-wave could be produced 
when a higjh energy p ro jec t i l e moves through a nucleus was 
proposed by Glassgold et a l . Subsequently, several theore-
t i c a l models for nuclear shock-waves were suggested. The 
predicted angular d i s t r ibu t ions of nuclear matter are 
different in d i f ferent shock-wave models. Some models p r e -
d i c t comparatively narrow peaks a t a s t r a i ^ t angle to a 
conical shock front , whereas o ther models p r ed i c t broad 
forward-peaked d i s t r ibu t ion . However, the common predic t ion 
of a l l these models i s the p re fe ren t i a l emission of ta rge t 
fragments in the direct ion perpendicular to the Mach shock 
front. Therefore, the observed peaks in the angular d i s t r i -
butions of the react ion products a t forward and a t backward 
angles, which by following t h e i r pos i t ions and t h e i r sh i f t 
with the energy of the p r o j e c t i l e , wi l l be in t e rp re ted as 
signature of nuclear shock-waves. 
A number of e3q)eriments have been performed to search 
the shock-waves in heavy ion c o l l i s i o n s . The conditions for 
ful ly developed shock-waves seem to be best f u l f i l l e d in 
centra l co l l i s ions . The e3<periments of Baumgardt e t al show 
comparatively sharp peaks in the angular d i s t r i b u t i o n s of 
p a r t i c l e s emitted from high mul t ip l i c i ty co l l i s i ons in the 
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bombardment of AgCl c rys ta l s with ^He, ^^C, and ' '^0, The 
pos i t ion of the peak moves with p ro j ec t i l e energy from 35" 
a t 250 MeV/A to 50* a t 87 MeV/A. For large energies , the 
peak disappears, reappearing for 2 A GeV a t 75* and then 
shi f t ing to 50* at 4 A GeV. These peaks were in te rpre ted 
as evidence for the formation of shock-waves. In the inc lu -
sive e^qperiment of Poskanzer e t a l , no narrow peaks were found 
in the angular spectra of ^He and He emitted in ^ 0 bombard-
pent of Ag and U nuclei a t 1.05 A GeV/c. The e3cperiment of 
Jakobsson et ^ , where 0-Em co l l i s ions were studied, shows 
a broad angxilar d i s t r ibu t ion of the t a rge t p a r t i c l e s , which 
are centered around 60** for 0.2 A GeV/c and almost i so t rop ic 
a t 2.0 A GeV/c. The angular d i s t r i bu t ions are in quant i ta t ive 
agreement with shock-wave ca lcu la t ions . However, they did not 
observe any narrow peaks, ne i the r in the angular nor in the 
energy distr ibxit ions of He nuc le i . Further, the experiment 
of Oiemov jet al does not show any peaks in the angular d i s -
t r ibu t ion . Recently, G3iosh e t a l studied the cor re la t ions 
among the t a rge t fragments and found tha t there are some short 
range cor re la t ions among the t a r g e t fragments, which may i n d i -
cate shock-wave formation in nucleus-nucleus c o l l i s i o n s . 
In conclusion, there are t rends observed in the exper i -
mental data t ha t could be a t t r i b u t e d to shock-wave fragmenta-
t ion . However, both the data and the theore t i ca l ca lcula t ions 
do, in pa r t , contradic t each o ther . More systematic i n v e s t i -
gations are in progress . At l e a s t , the copious production of 
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intermediate energy, high transverse momentum fragments at 
angles between 10® to 60** has been xmambiguously demonstrated. 
1.11 Anomalons 
Sporadic observations in nuclear research emulsion 
evidencing a short mean free path component (anomalons) among 
r e l a t i v i s t i c p r o j e c t i l e fragments of heavy nuclei in the cosmic 
radia t ion have been reported. Because of l imi ted s t a t i s t i c s , 
possible systematic uncer ta in t ies and the imposs ibi l i ty of 
such component within knovm nuclear physics, these observa-
t ions were never widely accepted. The s i tua t ion rapidly 
changed with the ava i l ab i l i t y of r e l a t i v i s t i c heavy ion beams 
firom acce le ra tors . Controlled high s t a t i s t i c s esqjeriments are 
possible with such beams and various types of detect ion schemes 
may be employed. Cbnsequently a number of attempts have been 
made to study the anomalons. The r e s u l t s obtained are,however, 
quite confusing, with some s i^por t ing and other refut ing the 
existence of anomalons. Thus, even though there have been 
many anomalons searches, no def in i te conclusions can be reached 
a t the present moment. Anomalons, i f they e x i s t , should have 
large geometrical s ize , long l i f e t ime and appreciable produc-
t ion probabi l i ty . The anomalons wil l be discussed in de ta i l 
i n Chapter VI, v*iere we study the anomalous behaviour of Z = 2 
12 
fragments emitted from C-Em collisions at 4.5 A GeV/c. 
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1.12 Theoretical Models 
Since theory has not been able to indica te what are 
the e3q)erimental signature of thephase t r a n s i t i o n s , the 
search for them i s extremely complicated and ambiguous. 
Therefore, before much e f for t i s ejqjended in what may be a 
f u t i l e search, we must f i r s t t ry to discover whether the 
search i s j u s t i f i e d . That i s , we shoiiLd learn whether the 
large compressions needed to achieve these dens i t i e s actual ly 
do occur. Hence, we must study the react ion mechanism and 
find out how the parameters of the system change during the 
co l l i s i ons . A large number of models have been proposed. 
These models include the thermal model the hydrodynamical 
model, the cascade model, the hard spheres model, the extension 
of independent p a r t i c l e model, the extension of coherent tube 
model, the quark model, the independent co l l i s i on model, the 
multichain model, the multichain dual parton model, and the 
s t a t i s t i c a l bootstrap model and so on. However, none of the 
models l i s t e d above, has so fa r been able to make compatible 
quant i ta t ive pred ic t ions . In addit ion some special ized models 
have also been developed to explain specific aspects of the 
co l l i s ion problem, such as p r o j e c t i l e fragmentation, cor re la -
t ions among the produced p a r t i c l e s , t h e i r energy and angular 
d i s t r i bu t ions , c lus te r ing , r e l a t i ve firequencies and cross-
sections of various types of emitted p a r t i c l e s e t c . I t would 
be tedious to describe a l l or even a large f rac t ion of these. 
Therefore, we shal l describe the features of the most important 
models. These models could be divided into three categor ies : 
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Thennal modelSf hydrodjmamical models and cascade models. 
In the following we discuss these models b r i e f l y . 
1.12.1 F i reba l l Model 
The f i r e b a l l model i s perhaps the most i n t u i t i v e l y 
simple and was among the f i r s t to give reasonably good agree-
ment with data. I t i s a macroscopic model, i n vAiich a c o l l i -
sion between two heavy ions i s described as a two-step process, 
In a fas t ( 1 0 ~ ^ sec.) primary stage, both the pro;}ectile and 
the ta rge t are assumed to make a clean cy l indr ica l cuts 
through each other (Fig. 1.3), The p r o j e c t i l e p a r t i c i p a n t s 
are assumed to t ransfer a l l of t h e i r momentum to the effect ive 
centre of mass system of a l l the pa r t i c ipan t nucleons forming 
a f i r eba l l which moves forward in the laboratory a t a veloci ty 
intermediate between those of the t a rge t and the p r o j e c t i l e . 
This p ic ture i s cal led the pa r t i c ipan t - spec ta to r model or 
nuclear f i r e b a l l model and the three regions produced are 
ca l led the pa r t i c ipan t region, the beam specta tor region and 
the t a rge t spectator region. The energy density in the f i r e -
ba l l i s extremely high. Consequently, i t may be t r ea t ed as an 
i dea l , r e l a t i v i s t i c non ro ta t iona l gas, whose p roper t i e s may 
be determined by equilibrium thermodynamics. The f i r e b a l l 
subsequently expands i so t rop ica l ly in i t s own centre of mass 
with a Maxwellian d i s t r ibu t ion in energy. 
The model basical ly involves three concepts: geometry, 
kinematics and thermodynamics. The geometry and kinematics 
give us the forward veloci ty and the energy of the pa r t i c ipan t 
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AFTER 
Fig. 1,3 Participants and Spectators. Certain part A 
overlap with a certain part B» they are 
participants. Parts A' and B* are the 
spectators. 
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f i r eba l l . The thermodynamics assumes tha t t h i s energy in 
the f i r eba l l i s thermalized and tha t f i r e b a l l decays as an 
ideal gas. 
Ctollision Geometry; 
Si$)pose t ha t the p r o j e c t i l e cons is t s of Z protons 
and N neutrons (A = Z_ + N ) and tha t the t a r g e t nucleus P P P P 
consis ts of Am nucleons. Then the geometrical c ross-sec t ion , 
OQ, i s approximately e:35)ressed as 
where r = 1.0 - 1.2 fm. I f a proton ins ide the p r o j e c t i l e 
h i t s the t a rge t , i t i s c l a s s i f i ed as a p a r t i c i p a n t , otherwise 
i t remains as a spectator. An estimate of the average number 
of pa r t i c ipan t s and spectators can be obtained from Griauber 
theory. The average nimber of pa r t i c ipan t protons from the 
p r o j e c t i l e nucleus i s approximately given by Z mult ipl ied 
by the r a t i o of the t a rge t cross-sect ion to OQ 
< zS?rJ > _ ^p ^ ^o ^^ 
'Proj 
^G 
^r^^l^ (1.4) 
( A ^ ^ , A^/3)2 
Similarly, we have 
7 A 2 / 3 
< 2 P a r t > _ ^T ^p (1.5) 
*targ ( A ^ ^ , ^1/3 )2 
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The total number of protons assigned to the part icipant , 
-part ^ ypart -v . <• 7part ^ 
^eff ' proj * ^targ 
S ^ * ^T \ (1.6) 
(A^/5 - A 1 / 3 ) 2 
Similarly, the to ta l nunber of protons assigned to the 
projecti le spectator and target spectator are respectively 
given by 
7proo/spect 7 _ < ^part > 
eff p proo 
_ VAy3,aAy3^/3), (,. 
^targ/spect 7 ^ ^part ^ 
^ef f = Ap - ^ ^^g^^g > 
7) 
Z^(A|/3 . 2ij/3 AJ/3 ) 
(1.8) 
The yield of protons from the part icipant region, 
^proton ^^ ^^^ participant proton number Z^J^* , multiplied 
by the geometrical cross-section, OQ and i s given by 
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The chief merits of t h i s model are i t s s implici ty 
and non-involvement of adjustable parameters. I t i s fovmd 
tha t i t reproduces the experimental data successfully a t 
low energies ( ip to 400 MeV) but gives overestimates in the 
higher energy ranges and lower inqsact parameters. Devia-
t ions in the experimental r e s u l t s from the p red ic t ions of 
the model have also been reported by many other workers. 
1.12.2 Firestreak Model 
The nuclear f i res t reak model, a general izat ion of 
the f i r eba l l model, e^qslicitly includes chemical equilibrium 
among the hadronic species as well as thermal equil ibrium. 
In -tiiis model, the overlapping volume of the co l l id ing nuclei 
i s divided in to a se r i es of tubes, p a r a l l e l to the beam ax i s . 
Each p ro j ec t i l e tube i s assumed to i n t e r a c t only with tha t 
t a rge t tube v^ich l i e s d i rec t ly in i t s path, leading to the 
f i res t reak . Each tube-tube co l l i s ions i s t r ea t ed as in the 
f i r e ba l l model assuming thermalization to occur in each of 
the tube-tube co l l i s ions separately. The model describes the 
production of pions and l i g h t composite fragments, as well as 
the production of protons. Addit ionally, the f i r e s t r eak model 
allows for diffused nuclear surface, replacing the more d r a s t i c 
sharp sphere, clean cut geometry of the f i r e b a l l . The i n t r o -
duction of t h i s refinement i s most important for the production 
for the production of l i g h t composite fragments while the f i r e -
ba l l model f a i l s to describe i t . The model seems to f i t the 
experimental data fa i r ly well a t 90" or more backward angles. 
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but p red ic t s much higher y ie lds in the forward angles. I t 
also shows a good agreement with the shapes of the single 
p a r t i c l e inclusive cross-sec t ions , but overestimates t h e i r 
magnitudes by a factor of more than two. Furthermore, in 
t h i s model angidLar momentxm i s esqjlicit ly conserved whereas 
in the f i r eba l l model i t i s not. The only tree parameter 
in the f i r es t reak model i s the freeze-out density below vftiich 
the hadrons stop in te rac t ing . 
1.12.5 Hydrodynamical Models 
Another type of macroscopic models vdiich have been 
developed to describe nucleus-nucleus co l l i s ions are the 
Hydrodynamical models. These models are based on the assump-
t ion tha t the mean free path for in te rac t ion i s much l e s s than 
the size of the system. Since the transparency of the nuclei 
increases with increasing energy, these models should therefore 
work best a t r e l a t ive ly low bombarding energies . In these 
models, when the ta rge t and p ro j ec t i l e nuclei co l l i de , they 
instantaneously merge, coming to equilibrixan as a drop of 
nuclear f lu id whose subsequent evolution in time i s governed 
by standard laws of hydrodynamics. 
Generally these models consider two nuclear f l u ids , 
the t a rge t and the p ro j ec t i l e . The behaviour of each of these 
f lu ids i s determined by the f lu id dynamics, conservation equa-
t ions for nucleon number, momentum and energy. Additional terms 
are introduced in to these equations to allow for a coiJpling of 
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two fliiids by means of energy and momentum t rans fe r . In 
addit ion, the equation of s t a t e i s used to obtain a r e l a t i o n -
ship between the pressure and the energy density. 
The va l id i ty of "Uie f lu id dynamics model i s subject to 
three cons t ra in t s ; ( i ) The system con^)rising of the two 
col l id ing nuclei must contain a large number of degrees of 
freedom, ( i i ) the co l l i s ion must l a s t a suf f ic ien t ly long time 
for local equilibrium to occur, and ( i i i ) e i t h e r the bombarding 
energy must be low or the in t e rac t ion strength between the two 
nuclei must be l a rge . Constraint ( i i i ) ensures tha t the two 
nuclei merge instantaneously to form a single f l u id . 
In the two f lu id model, the react ion i s described as 
the co l l i s ion between two d i s t i n c t f lu id drople ts , o r ig ina l ly 
f i l l e d with cold nucleon gas. In view of the f i n i t e mean free 
pa th , i t i s assumed tha t the two nuciei can in te rpene t ra te 
v*iile re ta in ing the i r i den t i ty . The degree of in te rpene t ra t ion 
i s specified by the geometry. The subsequent ejcpansion and 
cooling of overlap region i s almost instantaneous. The equation 
of motion consis ts of a double se t of r e l a t i v i s t i c Euler equa-
t ions with an addit ional force term, giving f r i c t i o n , which i s 
proport ional to the re la t ive veloci ty and i s s e t ip to reproduce 
the momentum t ransfer expected on the bas is of free nucleon-
nucleon cross-sect ions . The two-fluid model does: not e x p l i c i t l y 
take into account the production of pions and l i g h t fragments. 
The production of pions become more important as the bombarding 
energy increases . At energies below 1 A GeV, the two f lu ids 
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are sxjpposed to coalesce in to a single en t i ty and a non 
r e l a t ive approach becomes feas ib le . 
A th ree - f lu id model v i sua l izes the formation of a 
t h i rd f lu id- a hot dense f i re -c loud, r e su l t ing from the 
intranucleonic co l l i s ions in the overlap region of the 
co l l id ing nuc le i . This t h i rd component i s supposed to 
consis t of sca t tered nucleons, produced -resonance, TT and 
-mesons. The three f lu ids i n t e r a c t mutually by p a r t i c l e 
co l l i s i ons . The in te rpenet ra t ion of the co l l id ing nuclei i s 
again specified by geometry while the transmutation of the 
cold f lu ids in to hot one and the p a r t i c l e production and 
decay process within the hot component, are governed by 
hadrochemical equations. 
1.12.4 Cascade Model 
The cascade model i s a microscopic model vdaich i s 
based on elaborate codes developed for nucleon-nucleus c o l l i -
s ions. A cha rac t e r i s t i c feature of these codes i s t ha t the 
nucleus i s represented by a continum- the Fermi d i s t r ibu t ion 
with viiiich the nucleon can i n t e r a c t . A co l l i s i on par tner with 
random physical p roper t ies i s selected from the Fermi d i s t r i -
bution and a f t e r the co l l i s ion , v^iose r e s u l t i s again de ter -
mined randomly, both par tners are considered as cascade p a r t i c l e s 
and allowed to i n t e r a c t fur ther . The Fermi d i s t r ibu t ion i s 
depleted accordingly. The in te rac t ions are assumed to be binary 
and point l i k e . 
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The cascade model approach i s rad ica l ly different 
from tha t of the thermal models, since no equation of s t a te 
i s assumed. Instead, the nuclear co l l i s i on i s t r ea ted from 
an en t i r e ly microscopic vievipoint. That i s , the co l l i s ion i s 
assumed to be made i?) of a sttperposition of ind iv idual , binary 
c o l l i s i o n s . The his tory of each p a r t i c l e i s t r ea t ed by Monte 
Carlo methods with the probabi l i ty of sca t t e r ing on another 
p a r t i c l e given by the free p a r t i c l e c ross-sec t ions . The 
p a r t i c l e t r ave l s on s t r a igh t l i ne t r a j e c t o r i e s between the 
co l l i s i ons . All phase cor re la t ions between nucleons are 
ne f lee ted . 
There are three problems with t h i s model* ( i ) The 
basic asymmetry of the ta rge t and the p r o j e c t i l e appears l e s s 
reasonable for nucleus-nucleus co l l i s ion , ( i i ) the assumption 
of binary co l l i s i ons taking place a t a point in space-time 
implies a r e s t r i c t i o n to d l lp te systems only, where i t i s 
usually for three or more nucleons to come in to contact simul-
taneously and ( i i i ) the complexity of ca lcula t ions and highly 
expensive computer codes. The r e s u l t s obtained are so nxmerous 
that often i t becomes d i f f i cu l t to judge vrfiich r e s u l t s are 
rea l physical ef fects and which are consequences of nmierical 
procedure. 
One substant ia l difference between the in t ranuc lear 
cascade model and other models discussed previously i s t h a t 
thermodynamic equilibrium i s not assumed to occiir during the 
co l l i s ion . In fac t , the average number of c o l l i s i o n s per nucleon 
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i s estimated to be re la t ive ly small, 2-3. In t h i s model, 
as well as in the r e l a t i v i s t i c nuclear t>ro-fluid dynamics 
model, nucleon-nucleon sca t te r ing cross-sect ions must be 
used as input data. Which l i m i t s predic t ive capab i l i ty . 
1.12.5 Rovr-on-Row or Linear Cascade Model 
The row-on-row model i s a subset of the cascade 
model. I t reduces the fu l l three dimensional cascade problem 
to one dimension by assuming tha t one row of nucleons in the 
p r o j e c t i l e s c a t t e r s off only one row of nucleons in the t a r g e t . 
In t h i s model, the p ro j ec t i l e and the t a rge t are made \xp of 
tubes or rows and only s t r a igh t l i n e co l l i s ions between tubes 
are considered. The key assumption i s t h a t each p r o j e c t i l e 
nucleon in a given row i n t e r a c t s only once with t a rge t nucleon. 
The idea i s to follow the l i n e a r cascade of each p r o j e c t i l e 
nucleon separately, which i s simulated tiirough computer codes. 
The model takes transverse communication and thus thermalizat ion 
cannot take place. This type of model cannot be more va l id 
than a fu l l scale c£scade ca lcula t ion . I t s main v i r tue i s t h a t 
the complexity of the computer code i s considerably reduced. 
BmnogizfiVHr 
1. HIGH ENERGY NUCLEUS-NUCLEUS COLUSION, ALPHA PARTICLE-
HYmOGEN-CARBON-OXYGEN- SILVER, 16.5 
SHABRATOVA(GS), TOLSTOV(KD), and TUcek(J). In e l a s t i c 
i n t e rac t ions of 16.5 GeV/c a - p a r t i c l e s with l ight(H,C,0) 
and heavy(Br, Ag) nucle i . Acta Physics* 28,2» 1978; 132. 
The i n e l a s t i c in te rac t ions of 16. 5 Gev/c a - p a r t i c l e s 
with light(H,C,0) and heavy(Br, Ag) t a rge t nuclei were 
studied Nuclear-emulsion with d i f ferent atomic composition 
were used both as t a rge t s and detectors . The i n t e r ac t i ons 
corresponding to the processes of fragmentation of the 
preraary a - p a r t i c l e s were selected out of the main sample 
of i n e l a s t i c events. The cross sect ion values, mu l t i p l i c i t y 
angular and momentum d i s t r ibu t ions of secondary p a r t i c l e s 
were stained and analysed. 
2. , ALPHA PARTIaE-SILVER BROMIDE, CLUSTERS, 12Gev 
SHUKLA(VS), BHALLA(KB), GILL(A) , KUMAR(V) and LOKANATHAN(S). 
Study of c l a s t e r s and heavy c lus te r s in a-emulsion 
in te rac t ions a t 12A GeV/C. In te rna t iona l Journal of Modem 
Physics A; 4, 18; 1989; 4845-55. 
The rapidi ty gap d i s t r ibu t ions observed in a-emuslion 
in te rac t ions a t 12A GeV/C are analysed to inves t iga te the 
var ia t ion of c lus te r size with respect to the s ize of 
t a rge t nuclei and mul t ip l i c i ty of shower p a r t i c l e s ( ) 
produced. I t i s observed tha t the c lu s t e r s ize increases 
with the increase in s ize of the t a r g e t and with the 
increase in n . They also observe ra ther weak indica t ion 
of the production of heavy c lus te r s using the method of 
AdanuDvich and other. 
3. , ALPHA PARTICLE-SILVER BROMIDE, CLUSTER SIZE, 
12 GeV. 
SHUKLA(VS), BHALLA(KB), GILL(A)? KUMAR(V), and LOKNATHAN 
(S) . Rapidity dispersion and c lus t e r size determination 
in a-emiiLsion in t e rac t ions a t 12A GeV/C. Modem Physics 
Le t t e r s ki 3, 14; 1988; 1411-9. 
The a-emulsion in t e rac t ions a t 12A GeV/C have been 
analysed in terms of the d i s t r ibu t ion of rap id i ty d i s -
pers ion and rapdity gap. Event by-event analys is of 
rapdi ty dispersion reveals a s ign i f ican t c lus t e r i za t ion 
amongst the f inal s t a t e p a r t i c l e s . The c lu s t e r s ize and 
c lus t e r density in r ap id i ty space are estimated to be 
5.80 and 0.71» respect ively. From the comparison of 
present r e su l t s with e a r l i e r data, i t appears t h a t the 
c lus t e r size i s independent of the nature of p r o j e c t i l e 
and energy. 
4. NUCLEUS-NUCLEUS COLLISION, ALPHA PARTICLE-SILVER BROMIEE, 
12GeV. 
SHUKLA(VS), BHALLA(KB), KUMAR(V) and MOOKERJEE(S). 
Study of i ne l a s t i c a-emulsion in t e rac t ions a t 12A GeV/C, 
Modem Physics Le t te r s A; 3, 18; 1988* 1753-65. 
Various m u l t i p l i c i t i e s and t h e i r dependence on the 
mass number of the t a r g e t , mul t ip l i c i ty cor re la t ions and 
angglar d i s t r ibu t ions of black, grey, heavy and shower 
p a r t i c l e s are studied and are compared with a-Em(42A GeV/C) 
and p-Em(62-50 ^eV/c) co l l i s ions . Slow p a r t i c l e s seem to 
cascade unlike the produced shower p a r t i c l e s . They also 
observe a different degree of stopping for di f ferent 
thickness of the nuclear matter t raversed by the p r o j e c t i l e . 
In general, the r e s u l t s are similar to those for handson-
nuclear co l l i s ions . 
5. « ALPHA PARTICLE-SILVER BROMIDE, 2.1GeV. 
BADAWy(OE) In te rac t ion of r e l a t i v i s t i c Alpha p a r t i c l e s 
in EmiiLsion a t 2.1 GeV/c/nucleon. Ze i t sch r i f t Fur 
PhvsikA-Atoms and Nuclei; 311»' 1983*' 105-12. 
An analysis for 2000 events produced by 2. IGeV/c/n 
alpha p a r t i c l e s in nuclear emulsion has been carr ied out. 
Mul t ip l ic i ty and angular d i s t r ibu t ions of charged secon-
daries have been measured and Correlation among them are 
discussed. The presented data are conpared with re levant 
14 
values from proton and N in te rac t ions with nucle i . The 
mul t ip l i c i ty d i s t r ibu t ion of showers has been tes ted by a 
modified independent nucleon-nucleus multiple sca t t e r ing 
model(INAM) of reference[8] , and by the model of reference 
[12] . 
6. , ALUMINIUM-GOLD, MULTIPLICITY. 
AJINENKO(IV), VERBEURE(F), and WISCHNEWSKI(R). Negative 
binomials and mul t ip l i c i ty d i s t r ibu t ions in 250 GeV/C K"^  
and n* in te rac t ions on Al and An nucle i . Ze i t sch r i f t Fur 
Physik C-Part icles and Fields* 46# 1990i 569-82. 
The negative binomial distribution(NBD) i s f i t t e d to 
a l l charged and to negative p a r t i c l e mul t ip l i c i ty d i s t r i -
butions in r e s t r i c t e d rap id i ty i n t e r v a l s , both in the 
forward and backward cm. hemispheres of pos i t ive meson 
in te rac t ions on Al and An nuclei . For negative p a r t i c l e 
mul t ip l i c i ty d i s t r i bu t ions , the NBD parameters are also 
determined as a function of n . , the number of grey t r acks , 
s 
corresponding to varying number of in t ranuc lear c o l l i s i o n s . 
The data are in te rpre ted in terms of the clan p ic tu re of 
Giovanini and Van Hove and conpared to the MCMHA and FRITIOF 
models. Both models reproduce qui te well the global mul t i -
p l i c i t y d i s t r ibu t ions , but not when sub-samples are consi-
dered with fixed number of grey t r acks . Regular i t ies 
are b e t t e r v i s ib le on the paston than on the p a r t i c l e 
l e v e l . 
7. , ANOMALONS 
PSHENIN(ES) and VOINOV(VG). Does the phenomenon of 
anomalons r ea l ly ex i s t ? . Ze i t sch r i f t Fur PhysiKA-
Atomic Nuclei; 328* 1987» 36>71. 
An analysis of e3q)erimental data avai lable and concerning 
the dependence of p ro j ec t i l e fragntents(PFs) mean free path 
(mfp) i n heavy ion co l l i s ions on the distance from the 
poin t of t he i r emission i s presented. The l i n e a r dependence 
of the r e l a t ive var ia t ion of the est imates of the mfp on 
1/N, where N i s the number of PFs observed, has been 
es tabl ished. This dependence seems to be understood only 
from the s t a t i s t i c a l point of view. I t has been shown 
t h a t the idea of the absence of anomalons in the Nature 
does not contradict the data of 27 experimental works out 
of 29 considered. 
8. , ANOMALONS, Z. DEPENDENCE. 
MAC-GP^GOR(Malcolm H). Z. Dependence of strongly I n t e r a c t -
ing Re la t iv i s t i c Nuclear Fragments. Physical Review Let ters* 
49, 25' December; 1815-8. 
The r e s u l t s of three dif ferent experimental groups, 
vriio have published the r e s u l t s of t h e i r inves t iga t ions on 
highly in te rac t ing r e l a t i v i s t i c nuclear fragments(denoted 
as " anomalons" ) , are combined to form an anomalon data 
base, and then T? analys is are used to demonstrate t ha t 
the anomalon mean free paths are Z dependent. I t i s also 
demonstrated tha t these anomalon mean free paths l i e on 
the boundary tha t de l ineates the " domain of nuclear forces" . 
9 . , ANTIPROTON-NUCLEUS, PARTICLE, CHARGED, 
MULTIPLICITY. 
CUGNON(J), JASSELETTE(P) and VANDERMEULEN(j). Negative 
binomial analysis of charged-part icle mul t ip l i c i ty i n 
antiproton-nucleus annihi la t ion, Europhysics Let ters* 
4,5»' 1987; 535-9. 
The charged-prong mul t ip l i c i ty d i s t r ibu t ions measured i n 
(P,Ag Br) annihilat ionsCat r e s t and in the P ,=(300-1^00) 
MeV/c range) are f i t t e d by negative binomial. The impl i -
cat ions of the f i t s are discussed i n the frame of a clean 
p ic tu re pions from the annihi la t ion are the o r ig ina to r s 
(ancestors) of s t reaks which develop independently and 
lead to the e ject ion of p a r t i c l e s ( c l a n members). The 
average number of p a r t i c l e s inside a clan appears indepen-
dent of the p , momentum and ofthe number of mass. This 
i s re la ted to a common, e s sen t i a l ly exponentially decrease 
of the high m u l t i p l i c i t i e s . The r e s u l t s are b r ie f ly 
compared to an trifcranuclear cascade calcula t ion. 
10. , ARGON, CASCAEE EVAPORATION MODEL. 
ANTONCHIK(VA) and JUST(L). In te rac t ions of r e l a t i v i s t i c 
^ A s nuclei in the cascade evaporation model. 
Soviet Journal of Nuclear Physics*' 51,3* 1990,March#A86-9. 
The nuclear emulsion method i s used to study the 
An 
charge, momentum, and angular cha rac t e r i s t i c s of Ar 
in t e rac t ions for energies in the range 1.0-1.2 GeV per 
nucleon. The data obtained are systematical ly compared 
to calcula t ions based on the cascade-evaporation model. 
1 1 . , ARGON-FERROUS, ALPHA PARTICLES, 2GeV. 
JAIN(PL), AGGARWAL(MM), DAS(G) and BHALLA(KB). 
Behavior of secondary a p a r t i c l e s produced from r e l a t i -
v i s t i c heavy-ion co l l i s s ions . Physical Review C; 25,6»' 
1982, June; 3216-7. 
The in te rac t ion mean free paths of a p a r t i c l e s i n f rag-
ments emitted from two heavy ion beems of As and -^  Fe, 
a t an energy of 2GeV have been measured and were found 
to he the same, within s t a t i s t i c a l e r r o r s , a t a l l d i s t -
ances from t h e i r production poin ts . 
12. , ARGON-FERROUS, INTERACTION MEAN FREE PATH, 
2GeV. 
JAIN(PL) and ms(G). Charac ter i s t ics of P ro j ec t i l e 
Fragments Produced from Heavy-Ion Col l is ions a t 2AG€V. 
Physical Review Le t t e r s ; A8,5; 1982, February; 305-8. 
P.L. Ja in and G. Das measured the in t e rac t ions mean 
free paths in nuclear emulsion of r e l a t i v i s t i c p r o j e c t i l e 
fragments, 3 < Z < 26, emitted from heavy-ion beems of 
^ A r and ^°Fe a t an energy of 2GeV/nuclean, and they 
gave evidence for anomalously shorter mean free paths i n 
the f i r s t 2-3 cm a f t e r t h e i r production than a t l a r g e r 
dis tances. Some cha rac t e r i s t i c s of the primary and the 
secondary in te rac t ions connected with the anomaly are 
presented. 
13. a j«r-KRYPTON, FRAGMENTS, HELIOM, ANOMALONS. 
JAIN(PL) Invest igat ions of Anomalons in He Fragments. 
Physics Le t t e r s ; 154B, hi 1985, May; 252-4. 
They have studied the mean free path of He fragments 
from p ro j ec t i l e beams of ^s, Fe and Kr of energy 1<E<2AGeV, 
di f ferent dlstances(L * 2. 5 cm) from t h e i r production poin t 
and found tha t they are the same, independent of t h e i r 
( i ) energy ( l i ) target size ( i i i ) target excitation, 
(iv) He multiplicites and (v) production angles. 
14. J /\?^i,ON-ff:RRcm , SECONDARY PARTICLES, 2GeV. 
AGGAR¥AL(MM) Behavior of Secondary P a r t i c l e s emitted 
i n Re l a t i v i s t i c Heavy-Ion In te rac t ions . Physics Let te rs* 
112B, 1; 1982, Apri l ; 31-4. 
They have measured the in t e rac t ion mean free paths 
in nuclear emulsions of r e l a t i v i s t i c p r o j e c t i l e fragments, 
3 < Z 5 26 emitted from heavy ion beams of Ar and 
Fe a t an energy of 2 GeV/nuclean and they are found 
to be shorter when determined from fragments i n t e r ac t i ng 
in the f i r s t few centimeters a f t e r t h e i r emissions as 
compared with in t e rac t ions occurring within l a r g e r 
distances or with predic t ions from experiments on 
accelerated primary beams. These appears to be a t h r e -
shold for t h i s abnormal effect in the energy region of 
about lGeV/nucleon. 
15. , ARGON-SILVER BROMIDE, FRAGMENTS, 
ANOMALOUS, I.SGeV. 
BERI(SB). Search for Anomalous Fragments in 1.8A-GeV 
^ A r Reactions in Nuclear Emulsions. Physical Review 
Le t t e r s ; 54, 8, 1985, February; 771-4. 
They presented r e s u l t s from an inves t iga t ion of 
the mean free path in nuclear emulsion of multiple 
charged fragments, produced by 1.8A-GeV argon nuc le i -
charge iden t i f i ca t ion of 6965 fragments with charges 
Z<2, producing 2192 secondary i n t e r ac t i on , has been made. 
No dependence of the mean free path on the distance 
from the preceding co l l i s ion i s observed and thus our 
r e s u l t s i s consis tant with non-existence of anomalons. 
8 
16. , BOSON, MISSION. 
I3E-B0ER(FWN) and VAN DANTZIG(R). Possible observation 
of l i g h t neutral Bosons in Nuclear emulsion. 
Physical Review Letters* 61 , 11, 1988, September; 
1274-7. 
Electron-Positron p a i r s apparently resu l t ing from 
the decay of l i g h t intermediate neut ra l p a r t i c l e s emitted 
in r e l a t i v i s t i c heavy ion co l l i s ions have been reported 
by the authors. The events , observed in nuclear emul-
s ions, are similar to data from 35 years ago tha t caused 
the 71 l i f e time estimate to be wrong by almost 2 orders 
of magnitude for about a decade. The data are consis tent 
with the production and subsequent decay of shor t - l ived 
neutra l bonsons with masses around 1.1, 2 , 1 , and 9 MeV 
and with l i f e times of the order of 10""''^- 10"''^ sec. 
17. 
EL-NADI(M) and BADAWY(OE), Production of a new l i g h t 
neutra l Boson in high energy co l l i s i ons . Physical Review 
Letters* 61, 11; 1988, September*' 1271-3. 
Several examples of the production of e lec t ron-
pos i t ron p a i r s were found in the in t e rac t ions with 
emulsion of fragments resu l t ing from the co l l i s ion of 
12 ?? 
e and '^ Ne p r o j e c t i l e s of 4,5 and 4.2 GeV/c per nucleon, 
respect ively with emulsion nuclei . Taking into account 
the effect of background, the r e s u l t s seem to suggest the 
existence of new neutral boson with mass 1.60+0.59 MeV/c 
and a lifetime(0.15+0.01) x 10 ' sec, 
18. , CARBON-CARBON, MECHANISiyi, 4.2 GeV. 
AMEEV(SSh), VINITSKII(A.Kh), I2BASARDV(M), CHASNIKOV 
(lYa), and SHAMONIN(VL). Study of the mechanism of 
in t e rac t ion of r e l a t i v i s t i c nuclei on the bas is of 
analysis of CC Coll is ions a t momentum A. 2GreV/c per 
nucleon. Soviet Journal of Nuclear Physics* 41 , 4# 
1985, Apri l ; 602--7. 
On the basis of analysis of esqperimental data on 
CC Coll is ions a t momentum 4.2 GeV/c per nucleon, the 
authors verify the p ic tu re of the i n t e r ac t ion of r e l a -
t i v i s t i c nuclei based on a nuclear p ioniza t ion model. 
They show t h a t processes occuring in nuclear nucleus 
co l l i s ions have a co l lec t ive na ture . The ejqperimental 
data are consistent with the idea of a p a r t i a l separation 
of the nucleonic and me sonic components of the i n t e r ac t i on 
products of r e l a t i v i s t i c nuclei and a thermod)aiaraic form 
of the secondary p a r t i c l e spectrum. 
19. , CARBON-CARBON-NITROGEN-OXYGEN-SILVER, 
MULTIPLICITY, 4.5GeV. 
GHOSH( Depak), SARKAR(Sharmila), SENGUPTA(Ranijan) and 
RDY(Joya). Mul t ip l i c i ty d i s t r ibu t ion in central heavy 
ion in te rac t ion and modified 'two source model' for 
p a r t i c l e production. Journal of Physics G;Nuclear P a r t i c l e 
Physics^ 16; 1990; 1505-9. 
The mul t ip l i c i ty data of ' ' ^C-C/N/O and ''^C-Ag/Br 
in t e rac t ions a t 4.5AGeVC have been analysed in terms of 
newly proposed p ic ture of p a r t i c l e production, based on 
the two-sources mode; i^ ghich assumes a two component chaotic 
source along with a coherent on. The experimental data 
show a surprising agreement with the model. The de ta i led 
analysis reveals some interesting features of the par t ic le 
production process. 
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20. , CARBON, CHARACTERISTICS, 4.5GeV. 
BONDARENKO(RA), GULAMOV(KG) , GUNYMOV(UG) and CHERNOV(GM). 
Momentum and Correlation Charac ter i s t ics of products of 
fragmentation of r e la t iv i s t i c carbon nuclei a t 4.5Ge V/c 
per nucleon. Soviet Journal Nuclear Physics» 38,6» 1983, 
December* 905-8» 
They present the basic character is t ics(mult ipl ic i t ies , 
distributions in transverse momenta and correlations in 
the transverse plane) of fragments of the incident ngicleus 
12 in inelast ic interactions of re la t iv i s t i c C nuclei in 
nuclear emulsion, A qualitative and c r i t i ca l analysis of 
a number of commonly used theoretical approaches to the 
fragmentation of r e la t iv i s t i c nuclei isgiven. 
21. , CARBON, DISSOCIATION, 4.5GeV. 
ADURAZAKOV(UA), BONDARENKO(RA), GULYAMOV(UG) and 
CHERNOV(GH). Diffraction dissocia t ion of ''^C — 3a i n 
nuclear emxilsion a t 4.5GeV/c per nucleon. Soviet Journal 
of Nuclear Physics* 39, 2» 1984, February; 169-71. 
The authors have measured the d i s t r ibu t ion of transvers( 
momentum and cor re la t ion cha rac t e r i s t i c s of a - p a r t i c l e s 
from diffraction dissociation of r e l a t iv i s t i c ''^ C nuclei 
into three a-part icles. These characterist ics are compared 
with the corresponding ones in " ordinary" fragmentation 
of the residual incident under in inelas t ic col l is ions, 
and the possibi l i ty of extracting intranuclear character^ 
i s t i c s of nucleon clusters from experiments on fragmenta-
tion of re la t iv i s t i c under i s discussed. 
22. , CARBON-FERRDUS-HYDROGEN, PROJECTILE, 
FRAGMENTS. 
11 
HARVEY(Barhard G). Formation of p r o j e c t i l e fragments 
by s t a t i s t i c a l decay i n h igh-energy heavy- ion r e a c t i o n s . 
Phys i c s L e t t e r s B ; 252,4 ; 1990, December* 536-9. 
Cross - sec t ions fo r the removal of 1-4 nucleons 
from p r o j e c t i l e s between ''^C and ^%e i n c o l l i s i o n s 
with a hydrogen t a r g e t a re c a l c u l a t e d and compared 
with ejqperimental v a l u e s . The c a l c u l a t i o n s assumes 
t h a t fragments are formed as a r e s u l t of nucleon nucleon 
c o l l i s i o n s followed by sequen t i a l decay. 
23. , CARBON, FRAGMENTATION, 2 .1 GeV. 
HARVEY(BG), CRAWF0RD(HJ), LINDSTROM(PJ) and OOLE(AJ). 
s t a t i s t i c a l decay of fragments from C+'^^C, 21. GeV/nucleon. 
Phys i ca l Review C> 39, 3* 1989, March* 841-8 . 
A s t a t i s t i c a l decay model has been used to c a l c u l a t e 
indus ive and coincidence c r o s s - s e c t i o n s fo r t he format ion 
12 
of p r o j e c t i l e fragments from the c o l l i s i o n s of C 
(2 .1 GeV/nucleon) with a carbon t a r g e t . The model 
p r e d i c t s fragment momenta p a r a l l e l and p e r p e n d i c u l a r to 
the p r o j e c t i l e d i r e c t i o n . Good agreement wi th e ^ e r i -
mental r e s u l t s i s ob ta ined for the c l u s t e r s y i e l d s of 
fragments and f o r the momenta and f a i r l y good agreement 
f o r coincidence y i e l d s . 
24. , CARBON-MANGANESE-CO BALT-COPPER-SILVER-
GOLD-LEAD, FRAGMENTS, SODIUM, MAGNESIUM, MISSION, 3.65GeV. 
KOZM(P). Nuclear r e a c t i o n s of medium and heavy t a r g e t 
?4 
n u c l e i with high energy p r o j e c t i l e s ; Emission of Na and 
Ig fragments. Czechoslova Kean Jou rna l of Physics* 40, 
5* 1990, May; 513-21. 
12 
The emission of Na and Mg fragments in the 
react ions induced by 3.65A Gev ''^C-ions and 3.65 GeV 
protons on Mn, Co, Ca, Ag, An, Pb t a r g e t s has been 
studied. The experimental ra t iosof forward to backvrord 
emission and the mean sanges of these fragments were 
used to obtain the corresponding kinematic parameters. 
The r e s u l t s are analysed by means of the Two-step vector 
veloci ty mode. 
25. ,CARBON, MEAN-FREE PATH, ANOMALOUS,4.5GeV. 
EL-NADI(M). Anomalous Mean Free Path of Z=2 fragments from 
4.5A-GeV/c ''^C P ro j ec t i l e s in Emulsion. Physical Review 
Le t t e r s ; 52, 22, 1984, May; 1971-3. 
An anomalously short mean free path of 10.93±2.00 cm 
i s found for secondary Z=2 fragments of 4.5A-GeV/C '^C 
p r o j e c t i l e s a t distances D <2.5 cm. from t h e i r production 
in nuclear emulsions. The l a r g e s t contr ibut ion to t h i s 
anomalous short-mean-free-path component comes from N aO 
12 
i n t e rac t ions of C in emulsion. 
26. , CARBON, MULTIPARTICLE, PRODUCTION, 4. 5GeV. 
GHOSH( Dipak), ROY(Jaya), and SENGUPTA(Ranjan). Study of 
12 Multi p a r t i c l e production in the i n t e r ac t ion of C with 
photoemulsion nuclei a t 4. 5GeV/c per nucleon. Nuclear 
Physics; A468; 198?; 719-38. 
The authors presents exhaustive data on the i n t e r a c -
t ion of C emulsion a t k,3Ge'^/c per nucleon. The paper 
deals with mul t ip l i c i ty cha rac t e r i s t i c s . They also 
discuss in the paper two p a r t i c l e pseudorapidity cor re la -
t ions including a Monta Carlo simulation for coraparision 
and azimethol angle dependence on i t . A comperative study 
13 
with proton emulsion in te rec t ion data a t the same 
i n i t i a l momentum, wherever poss ib le , i s also done. 
27. , CARBON, MULTIPLICITY CORRELATIONS,4.5GeV. 
GHOSH(Dipak), RDY(Jaya), and SENGUPTA(Ranajan). Pion and 
proton production inforward and backward hemisphere in 
C emxilsion in t e rac t ion a t 4.5GeV/c per nucleon. 
Nuclear Physics>A470> 1987* 683-91. 
Authors presents on in-depth study on the forward 
and backward mul t ip l i c i ty corre la t ions in case of peons 
and protons(from the ta rge t ) based on the e3$)erimental 
data on C-emulsion in te rac t ion a t 4, 5GeV/c per nucleon. 
The cumalative d i s t r ibu t ion of t h e i r emussion angles i n 
the backward r a t i o ( F / B ) or a function of the number of 
heavy par t ic les (n^) i s also shown. The r e s u l t s reveal 
many in t e r e s t i ng cha rac t e r i s t i c s regarding the backwards 
p a r t i c l e production. 
28. , CARBON-NEON, BOSON, EMISSION. 
EL-NAnr(M) and BADAWY(OE). Production of a new l i g h t 
neutral boson in high energy c o l l i s i o n s . Physics Review 
Le t t e r s ; 61, 11; 1988, September; 12713-
Several examples of the production of e lec t ron-
posi t ron p a i r s were found in the i n t e r ac t i ons with 
emulsion of fragments resu l t ing from the co l l i s ions of 
C and Ne p r o j e c t i l e s of 4,5 and 4.2 GeV/c per nucleon, 
respect ively with emulsion nucle i . Taking into cons i -
deration the effect of the backgroimd, the r e s u l t s seem 
to suggest the existence of new neutra l boson with mass 
160+0.59 MeV/c and a l i f e time(0.15+0.01) x 10""''^ sec. 
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29. , CARBON-NEON-FERRDUS 
BABAEV(Akh), BENGUS(LE) , BONDARENKO(AI), KHOLMATOVA(RU) 
and CHERNOV(GM). On the angu la r niomentum of f ragmenta-
t i ng residual nuclei i n high energy i n e l a s t i c c o l l i s i o n s . 
Soviet Journal of Nuclear Physics* 50, 5» 1989, November» 
824-6. 
The empirical co l l i nea r i t y coeff ic ients of the 
emission of spectator a - p a r t i c l e s - the fragmentation 
1? 2? 
products of r e l a t i v i s t i c p ro j ec t i l e nuclei C, '^ '^ Ne and 
^ Fe- in the transverse co l l i s ion plane are found to 
exceed the values calculated i n the model of a nravlng 
fragmenting residual nuclear , vftiich po in t s to the poss ib le 
existence of angular momentum of t h a t nuclear. 
30. , CARBON-OXYGEN, ISOTOPES, MOMENTUM 
DISTRIBUTION. 
G R E I N E R ( I E ) . Momentum d i s t r i b u t o r s of i s o t o p e s produced 
by fragmentation of r e l a t i v i s t i c C and 0 p r o j e c t i l e s . 
Physical Review Letters^ 35,3» 1975, Ju ly ; 152-5. 
The frapient momentum d i s t r ibu t ions vdth p r o j e c t i l e 
r e s t frame are , typ ica l ly , Gaussian shaped, harrow, 
consistent with isotropy, depend on fragment and p ro -
j e c t i l e and have no s igni f icant cor re la t ion with t a rge t 
mass or beam energy. The nuclear temperature i s infussed 
from the momentum d i s t r ibu t ion of the fragments and 
approximately equal to the p r o j e c t i l e nuclear binding 
energy, indicat ive of small energy t r a n s f e r between ta rge t 
and fragment. 
31. , CARBON, PARTICLE, CHARGED, MISSION, 
3.65 GeV. 
15 
ANTONCHIK(VA), BAKAEV(VA), BOGDANOV(SD), OSTROUMOV(VI). 
Emission of high energy multiply charged part icles(Z>2) 
in in te rac t ion of C nuclei of energy 3, 6GeV/nucleon 
with emulsion nucle i . Soviet Journal of Nuclear Physics* 
32, 1» 1980, Julyi 26.8. 
The emission of high-energy densly charged and 
multiply charged(Z>4) p a r t i c l e s i n i n e l a s t i c i n t e r ac t i ons 
of carbon nuclei with energy 3.6Gev nucleon and the nuclei 
of nucleon emulsion i s invest igated. The possibly i s 
discussed of the appearence of nuclear shok waves in 
centra l in te rac t ions of r e l a t i v i s t i c carbon nucle i , 
characterized by emission of a f a s t multiply charged 
fragment from a heavy ta rge t nucleus. 
32. , CARBON, PROJECTILE FRAGMENT, 4.5GeV. 
AHMAD(MS), KHAN(MQR) andHasan(R). Proper t ies of 
1? p r o j e c t i l e fragments from C-emulsion i n t e r ac t i ons a t 
4.5A GeV/c. Nuclear Physics A; A499, 4; 1989, August* 
821-36. 
2550 in te rac t ions of ''^C-emulsion a t 4,5A GeV/c 
have been used to study the p roper t i e s of p r o j e c t i l e 
fragments. The mul t ip l i c i ty and projected angular d i s -
t r ibu t ions of p r o j e c t i l e fragments in d i f ferent t a rge t 
groips have been studied. The production cross-sect ion 
of the reaction in which p ro j ec t i l e C breaks ip i n to 
two Z=3 fragments i s found to be 6.6x10"-^ of t o t a l 
i n e l a s t i c cross-sect ion. The projected angular d i s t r i b u -
t ions of fragments exhib i t feature of l imi t ing fragmen-
t a t ion . S t a t i s t i c a l l y s igni f icant azimethol cor re la t ions 
among fragments in the azimethol plane indicate t h a t 
fragmenting nucleus gets a t ransverse momentum during 
the co l l i s ion . 
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33. , CARBON-PROTON-HEAVYION, MASS 
FRACMENT YIELD, INTERPRETATION, 3.65GeV. 
KOZMA(P) and HANSSGEN(K). Nuclear react ions of 
medium and heavy t a r g e t nuclei with high energy 
p a r t i c l e s ! In te rpre ta t ion of mass fragment y ie ld . 
Czechoslovakian Journal of Physics* AO, 6» 1990,June* 
613-21. 
1? Target residual d i s t r ibu t ions in 3.65A GeV "^C-
ion and 3.65 GeV proton induced react ions on medium 
and heavy t a rge t nuclei have been in te rp re ted in the 
theore t i ca l frame work of the in t ranuclear cascade and 
abrasion-ablat ion modele vMle the in t ranuc lear cascade 
model gives a good approximation to experimental y ie lds 
of res idues produced i n both t j^es of In te rac t ion , the 
abrasionr-ablation model overestimates mass-yield d i s t r i -
butions in the v i c in i t y of the t a rge t mass number. 
34. , CARBON-SILICON, CLUSTERIZATION, 4.5GeV. 
AHMAD(T), IRFAN(M), AHSAN(MZ) and SHAFI(M). Some 
in t e r e s t i ng features of r e l a t i v i s t i c charged p a r t i c l e s 
produced in carbon and sil icon-emulsion in t e r ac t ions a t 
4.5A GeV/c. Nuovo Cimento A; 105A,(Sn 2,1)» 1992, 
Januaiy» 91-8. 
The authors e s sen t i a l ly deal with new data on the 
mul t ip l i c i ty of the r e l a t i v i s t i c charge p a r t i c l e s 
produced in carbon and si l icon-nucleus in t e rac t ion a t 
4.5A GeV/c. Analysis has been car r ied out in terms of 
preadosapidity of r e l a t i v i s t i c charged p a r t i c l e s and 
event-by-enent rap id i ty d i s t r ibu t ion . The r e s u l t indicate 
t h a t the maxima of the n-spectra sh i f t toward smaller 
values of n with increasing Ng. The study of the r ap i -
di ty dispersion of the p a r t i c l e s reveals the existence of 
s igni f icant c lus t e r i za t ion amongst the f inal s t a t e p a r t i c l e s . 
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35. , CARBON-SILICON, CLUSTERS, PRODUCTION, 
4.5GeV. 
AHMAD(T), IRFAN(M) and SHAFI(M). Production of heavy 
c lu s t e r s in 4«5A GeV/c Carbon and s i l i con nuclear 
co l l i s ions . Nuovo Cimento Ai 104A, 12* 1991, December* 
1777-86. 
The authors have invest igated emission character -
i s t i c s c lus te r s and heavy c lus te r by analysing the data 
on carbon and s i l i con nucleus in t e rac t ions a t 4.5A GeV/ 
nucleon incident energy. The c lus t e r size i s found to 
be e s sen t i a l ly insens i t ive to the nature of the p r o j e c t i l e 
and t a rge t mass. There i s a weak indica t ion about the 
production of heavy c lus t e r s . 
36. , CARBON-SILVER BROMIDE, ALPHA PARTICLE, 
BEHAVIOR, 4.5GeV. 
GHOSH(Dipak). Evidence of Anomalous Behavior of 
1? 
Rela t i v i s t i c Alpha p a r t i c l e s emitted in C. Emulsion 
In te rac t ions a t 4.5 GeV/c per Nucleon Physical Review 
Let ters* 54, 5» 1985, February; 396-7. 
This paper presents evidence of the anomalous 
in te rac t ion mean free path of the r e l a t i v i s t i c alpha 
1? 
p a r t i c l e s emitted from the in t e rac t ion of C with 
emulsion a t 4.5GeV/c nucleon. The t racks were followed 
systematically through the stack. The de ta i led measure-
ments show clear ly t h a t the in t e rac t ion mean free pa th 
i s anomalously shorter for fewer centimeters a f t e r t h e i r 
emission. The r e s u l t s have been conipared with o ther 
r e s u l t s obtained from both accelera tor and cosmic say data. 
37. , CARBON-SILVER BROMIDE, EVENT, COLD, 
CORRELATION, PION, 4.5GeV. 
18 
GHOSH(D), ROY(J) and SENGUPTA(R). Strong pion 
cor re la t ion in t a rge t fragmentation region observed 
12 in ' co ld ' events produced i n C-emulsion in te rac t ion 
a t 4.5A Oe'f/c, Huovo Cimento; 101A, Sn 2, 3 ' 1989^ 467-73. 
The authors present a study of two-part ic le pseu-
dorapidity corre la t ions among the showers produced i n 
those events viAiere a quark-glucon plasma(QCP) might be 
12 formed in the pa r t i c ipan t region due to ^C-emulsion 
in te rac t ion a t 4.5A GeV/c. By comparing the t r ansverse -
momentum d i s t r ibu t ion of the p r o j e c t i l e a lpha-pa r t i c l e s 
vdth double Maxwell-Boltz-mann d i s t r i bu t ion , two ten 
para tures i.e.lOMev and 40MeV, were obtained. I t was 
found tha t the two term parateses belonged to d i f fe ren t 
events having dif ferent react ion mechanism and the events 
having lOMeV temperature who c l a s s i f i ed as QGP events . 
A strong two-part icle inclusive cor re la t ion i s observed 
with target fragmentation region tor QCS? events qui te 
in t e re s t ing ly . 
38. , CARBON-SILVER BROMIDE,FIREBALL, 
MOMENTUM TRANSFER, 4.5GeV. 
GHOSH(D) and SENGLFPTA(R). Four momentum transfer between 
the f i r e ba l l s in carbon-emulsion in t e r ac t ions a t 4. 5GeV/c 
per nucleon. Annuals of Physics* 45,5» 1988* 362-6. 
The authors present an analysis of the four momentum 
t rans fe r between the f i r e b a l l s in the events prx)d\x;ed 
12 
in C-emulsion in t e rac t ion a t 4, 5GeV/c per nucleon. The 
r e s u l t s have been compared with the pred ic t ions of the 
Pomen anchuk pole exchange model. 
3 9 . , CARBON-SILVER BROMIDE, 4.2GeV. 
19 
EL-NAGHY(A). Central heavy ion col lusions with 
emulsion a t 4.2GeV/c per incident nucleon. XL Nuovo 
Cimento; 71A, 2» 1982, September* 245-59. 
Mul t ip l i c i ty and angular d i s t r ibu t ions of p a r t i c l e s 
12 produced in centra l collusions between C ions and 
emulsion nuclei were studied a t momentum 4. 2GeV/c pe r 
incident nucleon. The invest igated data represent the 
most central co l l i s ions . Central col lus ions are defined 
as those having no p ro j ec t i l e charged fragments, even 
a singly charged one, emitted with 3 of the beam di rec t ion . 
Results show agreement with the l im i t i ng fragmentation 
hypothesis. The multiple production of p a r t i c l e s in 
centra l co l l i s ions i s not in disagreement with the 
assumption of a s iperposi t ion of nucleon, nucleon co l l i s ions 
40. , CARBON-SILVER BROMIDE, 4.2GeV. 
EL-NAGHY(A) and TONEEV(VD)« In te rac t ions of ''^C Ions 
with emulsion nuclei a t momentum 4. 2GeV/c per nucleon 
and the Cascading. Evaprational Model. Ze i t sch r i f t Fur 
PhvsikA-Atom and Nuclei; 298# 1980» 55-9. 
The general cha rac t e r i s t i c s of i n e l a s t i c in t e rac t ions 
12 induced by C r e l a t i v i s t i c nucle i , accelerated by the 
JINR Synchrophasotron in Dubna, were studied. Mu l t i p l i -
c i ty and angular d i s t r i bu t ions of charged secondaries were 
analyzed. The average m u l t i p l i c i t i e s , per incident nucleon, 
are consistent with those of 3 , d and a p a r t i c l e pr imar ies 
a t the same energy per nucleon. The angular d i s t r i b u t i o n 
of the t a rge t fragments( black and grey tracks) are very 
weakly dependent on the mass number of the incident 
nucleous. In 40?^  of ''^C i n e l a s t i c i n t e r ac t i ons , fragmen-
t a t i o n s of the p r o j e c t i l e nucleous, were observed. The 
cascading-evaporation model i s extended to describe the 
i n e l a s t i c in te rac t ion of two nuclei a t high energies . 
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The experimental data of ^C-emiJlsion in t e rac t ions a t 
4.2GeV/c per nucleon were systematically compared with 
the predic t ion of the model 
41. , CARBON-SILVER BROMIDE, FRAGMENT, ANOMALOUS, 
SEARCH, 4.5GeV. 
AHMAD(MS), KHAN(MQR) and HASAN(R). Search for anomalous 
Z=2 fragments from C emulsion in t e r ac t ions a t 4. 5AGeV/C. 
In ternat ional Journal of Physics A» 4, 19* 1989» 5287-91. 
1? 1635 fragments of charge two from 2550 C-Em 
in te rac t ions a t 4.5AGeV/C have been used to study the 
dependence of mean free path on the distance from free 
path in the few centimeters of the p r i n t s of emission. 
42. , CARBON-SILVER BROMIIE, FRAGMENTATION, 50GeV. 
El-NAGHY(A). Fragmentation of ^^C Nuclei in emulsion a t 
50GeV/c. Ze i t schr i f t Fur Physik A-rAtoms and Nuclei J 302; 
1981; 261-70. 
1? A t o t a l of 852 C emulsion nucleus in t e rac t ions a t 
4. 2 GeV/C per incident nucleon was inves t iga ted . At leas t 
one charged p ro jec t i l e fragment was observed in 733 events , 
in which the mul t ip l ic i ty and angular d i s t r i bu t ions of 
Z=1,2 and > 3 p ro j ec t i l e fragments were studied. Five 
events were observed in which C p r o j e c t i l e nuclei were 
fragmented in to two Z=3 fragments. The angular d i s t r i -
bution of p ro j ec t i l e fragments becomes narrower as the 
fragments charge increases . At a l l values of fragment 
charges, a pronounced peak in the angular d i s t r ibu t ion can 
be observed a t zero emission angLe. 
^3- , CARBON-SILVER BROMIIE, FRAGMENTS, HAMMER, 
EMISSION, 3.6 GeV. 
21 
ANTONCHIKCVA), BAKAEV(VA), BOGDANOV(SD) and OSTRDUMOV(VI). 
Formation of hammer fragments in i n e l a s t i c co l l i s ions of 
^^C nuclei a t 3,6 GeV/nucleon with emulsion nucle i . 
Soviet Journal Nuclear Physicsi 32,3* 1980, September^ 
321-3. 
The emission of hammer fragments in i n e l a s t i c 
co l l i s ions of carbon nuclei a t 5.6 GeV/nucleon vdth the 
nuclei of a photographic emulsion has been studied e^qjeri-
mentally. The r e su l t s show tha t the formation of those 
fragments i s determined pr imari ly by the extent to which 
the heavy t a rge t nucleus breaks vp and does not depend 
d i rec t ly on the mass of the incident nucleus. 
44. J , PION, PROTON, CORRELATION, 
PSEUDORAPIDITY, 4.5 GeV. 
GHOSH(D), ROY(JA) and SENGUPTA(R), Study of mul t ip l i c i ty 
and the pseudosapidity corre la t ion in the forward and 
backward hemisphere for pions and protons emitted in a 
''^C-emulsion in te rac t ion a t 4.5 A GeV/C. Canadian Joumal 
of Physics; 67 , (2-3) ' 1989,(February-March); 115-8. 
The authors present an indepth study of the foi*ward 
and backward pseudo rapid i ty corre la t ions for pions and 
protons produced in a '^C-emulsion in t e rac t ion a t 4.5A GeV/C. 
The angular d i s t r ibu t ion of protons and the pseudorapdity 
d i s t r ibu t ion of pions are pictured. The asymmetry parameter 
(A) and the forward-backward rat io( lF/B) are shown as a 
formation of the number of heavy p a r t i c l e s . 
45. ^ , PROJECTILE FRAGMENT, CHARGE, 
4,5 GeV. 
GHOSH(D), ROY(J) and SARKAR(S). Are Z=2 anoraalons f rac t ion-
a l ly charged p ro j ec t i l e nuclei? Canadian Joumal of Nuclear 
Physics; 67 , (2-3) ; 1989, February-March); 128-30. 
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The authors repor t a preliminary study on the 
measurement of the charge of p r o j e c t i l e fragments 
having 1 < Z < 3 in extreme peripheral in t e rac t ion of 
^^C with emulsion a t 4 .5 GeV/c/n. This study was done 
to determine i f Z»2 anomalons are th i rd in t eg ra l f r ac -
t iona l ly charged nucle i . This method of charge measure-
ment i s based on the determination of becunarity and 
estimates the charge of r e l a t i v i s t i c p r o j e c t i l e fragments 
(PFs) with a standard deviation of S^ < 0.08. No evidence 
for the existence of f rac t iona l ly charged PF has been 
found and possible implications are discussed. 
46. . , PROJECTILE FRAGMENT, INTERACTION 
MEAN FREE PATH, 4.5 GeV. 
KHAN(MQR), AHMAD(MS), SIDDIQUI(KA) and HASAN(R). 
In te rac t ions mean free path of p r o j e c t i l e fragments from 
'^C-emulsion co l l i s ions a t 4.5A GeV/c. NiKtvo Cimento A» 
101A, 1; 1989, January; 93-102. 
12 In an emulsion stack esqjosed to the beera of C 
nuclei with momentum of 4. 5A GeV/c, 1635 fragments of Z=2 
and 397 of Z > 3 from 2550 ''^ C-Em co l l i s ions have been 
recorded. After careful estimation of charge, these 
fragments were followed un t i l they in te rac ted or l e f t the 
stack. S t a t i s t i c a l analysis of the i n t e r ac t ion mean free 
path of these fragments was performed. No evidence was 
found for the anomalously short mean free path in the 
f i r s t few centimeters of the point of emission for Z=2 
fragments. However, fragments of Z> 3, produced in 
per ipheral co l l i s ions , gave evidence for anomalously 
shorter mean free path in the f i r s t few centimeters a f t e r 
t h e i r production. 
^7 . ^ , PROJECTILE FRACMENT, 
INTERACTION MEAN FREE PATH, TIME, CORRELATION, 4.5GeV, 
23 
GHOSH(D), ROY(J) and SENGUPTA(R). Indicat ion of two 
temperatures and the i r cor re la t ion vdth the anomalous 
in te rac t ion mean free path of Z=2 p r o j e c t i l e fragments 
in the ^^C-emulsion in te rac t ion . Modem Physics Le t t e r s A» 
3, 13'' 1988, October; 1309-15. 
The authors present an ejq^erimental inves t iga t ion 
of the occurrence of two d i s t i n c t temperatures in the 
1? fragmentation region of the C-emulsion are emitted 
from two different temperatures, t ha t i s , 10MeV and AOMeV, 
I t i s also observed tha t a lphapar t ic les emitted from the 
10 MeV region have some (5%) anomalous components in t h e i r 
mean free pa ths . 
A8. . , SHOCK WAVES, SEARCH, 4.5 GeV. 
GHOSH(Dipak), ROY(Jaya) and SENGUPTA(Ranijan). Study of 
r e l a t i v i s t i c heavy-ion in t e rac t ions and antiproton 
annihi la t ion data: search for shock waves, Canadian Journal 
Physics; 64; 1986; 1502-8. 
1? The cha rac t e r i s t i c s of C-Ag Br in t e rac t ion a t 
4,5 GeV/C nucleon incident momentum are studied by means 
of the photo emulsion technique to search for shok-wave 
phenomena. The angular d i s t r ibu t ions indica te an aniso-
tsopic process in the nuclear matter. The r e s u l t s are 
compared with the antiproton. Ag 3r react ion observations 
of Breivik e t al.(1983) a t 1.4 GeV/c. 
49. , COPPER-ARGON, PROJECTILE, FRAGMENT. 
lERSCH(G). Unusual behavior of peo jec t i l e fragments from 
the in te rac t ion of Copper with r e l a t i v i s t i c Ai^ions. 
Physical Review Le t t e r s ; 55, 11» 1985, September; 1176-9, 
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Pro jec t i l e fragments formed in the in t e rac t ion of 
0.9A and 1.8A GeV Ar ions vdth a Ca disk i n t e r a c t vdth 
a second Ca disk and the r e l a t ive y ie lds of products in 
the two disks are measured by a radioact iva t ion techniques 
as a function of the distance between them. The data a t 
1.8A GeV demand e i t he f ( l ) decay in f l i g h t ( t ^ / 2 ''O"''^^) 
of some p ro j ec t i l e fragments having large cross sect ions 
or (2) production of secondaries with unexpectidly large 
transverse momenta. 
50. , EEUTRDN-ALPHA PARTIaE-CARBON-SILVER BROMIDE, 
DISINTEGRATION, 4.5 GeV. 
BOGDANOV(VG), PERFILOV(NA), PLyUSHCHEV(VA) and SOLOV'EVA 
(ZI) . The Mechanism of complete d i s in tegra t ion of Ag Br 
nuclei by r e l a t i v i s t i c l i g h t nuclei . Soviet Journal; 
Nuclear Physics* 38, 6; 1983, December* 909-16. 
The authors present and discuss essperimental data 
on the conplete d is in tegra t ion of nuclei of the heavy 
con?)onent of nuclear emulsion by deutrons, a p a r t i c l e s 
and C nuclei wilii momentum about 4.5 GeV/c per nucleon. 
These data are systematically con^ared with the character-
i s t i c s of in te rac t ions with l a rge r impact parameter and 
with the predic t ions of several models. 
51. , DIELECTRDN, EMISSION. 
XIONG(L), WO{ZG), KO(CM) andW(JQ) . Dielectron production 
from nucleus-nucleus c o l l i s i o n s . Nuclear Physics A»A512t4» 
1990, June; 772-86. 
Dielectron p a i r can be produced in nuclear react ions 
from many processes such as the proton-neutron bremss-
trahlung, the delay decay, the annih i la t ion of pions on 
nucleons and the pion-pion annihi la t ion. Based on the 
t ranspor t model the authors calculate the d ie lec t ron-
production cross-section from nucleus-nucleus co l l i s ions 
and compare i t to the avai lable data. 
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52. , DISSOCIATION, ELECTROMAGNETIC 
LLOPE(WJ) and BRAUN-MUNZINGER(P). Electromagnetic 
dissociat ion of r e l a t i v i s t i c heavy ions . Physical 
Review C; 41 , 6; 1990, June* 2644-53. 
The authors have developed a framework forthe 
quant i ta t ive analysise of the electromagnetic d issocia-
t ion of r e l a t i v i s t i c nucle i . This includes treatment 
of mult iple exci ta t ions of the giant dipole resonance, 
coupled with calculat ions of the fragmentation probabi-
l i t i e s in the framework of the s t a t i s t i c a l model. 
Ejcperimental data on electromagnetic p r o j e c t i l e disso-
ciat ion of r e l a t i v i s t i c energies are compared to the 
model predic t ions and shown to be consistent with f i r s t 
order exc i ta t ion followed by s t a t i s t i c a l decay of the 
excited nucleus. S t ra tegies for the search for multiple 
exci ta t ion processes and subsequent rare decay modes 
are discussed. 
53. , DISTRIBUTION, MULTIPLICITY 
HEGAB(MK), HUSSEIN(MT) and HASSAN(NM). Mu l t i p l i c i t y 
d i s t r ibu t ions produced in high energy nucleus nucleus-
nucleus co l l i s ions . Journal of Physics G, Nuclear Pa r t i c l e 
Physics; 16, 4; 1990, April ; 607-14. 
Two models are proposed to study the mu l t i p l i c i t y 
d i s t r ibu t ion of negative p a r t i c l e s produced in nucleus-
nucleus in te rac t ions . The i n e l a s t i c t o t a l and p a r t i a l 
cross-sect ions of AA c o l l i s i o n s , in which ec l ipse 
correction are considered, are used as basic inputs of 
the present calcula t ions . The dependence of the average 
mul t ip l i c i ty on the mass number of the in t e rac t ing nuclei 
i s also invest igated via the two models and the r e s u l t s 
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are compared vdth recent data ranging from the several 
GeV region ipto the very high CERN, ISR data. 
54. , , 200 GeV. 
ANSORGE(RE), ASMAN(B) and YAMEAGNI(N). Charged p a r t i c l e 
mul t ip l i c i ty d i s t r ibu t ions a t 200 and 900 GeV cm.energy. 
Ze i t sch r i f t Fur Phvsik C-Part icles and Fields* 43i 1989* 
357-74. 
The authors present mul t ip l i c i ty d i s t r ibu t ion of 
charged p a r t i c l e s produced in non-s ingle-di f f ract ive 
co l l i s ions between protons and ant iprotons a t centre of 
mass energies 200 and 900 GeV. A new method to correct 
for acceptance l imi ta t ions and inef f ic ienc ies based on 
the pr inc ip le of maximum entropy has been used. Mul t ip l i -
c i ty d i s t r ibu t ions in fu l l phase space and in i n t e rva l s 
of pseudorapidity are presented tabular form. The v io la -
t ion of KNO sealing in fu l l phase space found a t an energy 
of 546 GeV i s confirmed also a t 200 and 900 GeV. The 
shape of the 900 GeV d i s t r ibu t ion in ful l phase space i s 
narrower in the peak region than a t 200 GeV but exhib i t s 
a pronounced h i ^ mul t ip l i c i ty t a i l . 
55. y , ^ 250 GeV. 
GERAEnrs(P), HAUPT(T) and KITTEL(w). Mul t ip l i c i t y d i s t r i -
butions a t 250 GeV/c a comparison of f i t s . Ze i t sch r i f t Fur 
Physik C-Part icles and F ie lds ; 44; 1989; 331-5. 
The mul t ip l i c i ty d i s t r ibu t ion of a l l charged p a r t i c l e s , 
as well as t ha t of negatives and pos i t ives taken separately 
have been f i t t e d by number of recent ly proposed parametr i-
zat ions. The negative binomial(2 parameters) and Logverse 
d i s t r ibu t ion(3 parameters), i n general, give good and very 
similar f i t s , but on of the parameters of the Leguarre 
d i s t r ibu t ion remains undermind by the f i t . 
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56. , , PSEUDORAPIDITY, FLUCTUATIONS 
TAKAGI(Fuoio). Power-spectrum analysis of f luc tuat ions 
of Pseudesapidity d i s t r ibu t ions in nucleus-nucleus 
co l l i s ions a t very high energies Physical Review Let ters* 
53, 5i 1984, July; 427-30. 
Two events of u l t r a r e l a t i v i s t i c nucleus-nucleus 
co l l i s ions observed in the Japanese. American Cooperative 
emulsion experiment show large f luctuat ions of pseudora-
p i d i t y d i s t r ibu t ions of the charged secondaries. The 
f luctuat ions are analyzed by use of the power spectrum. 
A simulation i s used to estimate the s t a t i s t i c a l noise. 
Fa i r ly strong signals are found in the Si-Ag Br event 
while the Ca-C event exh ib i t s only weak s ignals . 
57. , ENERGY DEPOSITION 
STACHEL(J) and BRAUN-MUNZINGER(P) . Phenomenology of 
energy deposition and hydrodynamic flow in u l t r a r e l a t i -
v i s t i c nucleus-nucleus c o l l i s i o n s . Nuclear Physics AJ 
A498; 1989, July; 577-83, 
The authors ejqDlore the consequences on energy 
deposition and stopping of cer ta in features of global 
d i s t r ibu t ions which have emerged from the f i r s t round of 
r e l a t i v i s t i c heavy ion e3q)eriments. 
58. .^ £A/£/^ Cry . TRANSVERSE, MULTIPLICITY DISTRIBUTION 
RITTER(HG). Transverse energy and mul t ip l i c i ty d i s t r ibu -
t ions in co l l i s ions a t 60 and 200 GeV per nucleon. 
Nuclear Physics A; A488; 1988, November; 651-64. 
Transverse energy and mul t ip l i c i ty d i s t r ibu t ions 
from several CERN heavy-ion experiments are presented. 
The large degree of nuclear cascading i s shown. Nuclear 
stopping and the energy density reached in central co l l i s ions 
are discussed. 
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59. , FERROUS 
ANTONCHIK(VA), BAKAEV(VA), BOGBANOV(SD), VIKHROV(AI) and 
BUIKIN(VE). Some cha rac t e r i s t i c s of i n e l a s t i c i n t e r a c -
t ions of Fe nuclei vdth energy 0.5-2 GeV/nucleon vdth 
nuclei of nuclear emulsion. Soviet Journal of Nuclear 
Physics>52, 2» 1980, Apri l , 164-5. 
Data on the average m u l t i p l i c i t i e s and angular 
d i s t r ibu t ions of secondary's p a r t i c l e s are obtained from 
in te rac t ion of iron nuclei with the nuclei of nuclear 
emulsion. I t i s shewn tha t there i s a considerable 
change in the average values in the t r a n s i t i o n to co l l i s ions 
of heavy nucle i . 
60. , FERROUS 
GANSSAUGE(E). Two d i s t i n c t c lasses of alpha p a r t i c l e s 
and a possible corre la t ion of anomalously short mean free 
paths with the cold component. Journal of Physics G» 
Nuclear Physics* 11, 1985* L139-42. 
Invest igat ions of 571 primary co l l i s i ons of Fe on 
nuclear research emulsion a t BEVALAC energies gives 
evidence for the existence of two d i s t i n c t c lasses of 
react ions among the seondary alpha p a r t i c l e s as p ro j ec t i l e 
fragments. Moreover an examination of the mean free path 
and those a p a r t i c l e s vtoich belong to the cool c l a s s . 
61. , FERROUS, ALPHA-PARTIaE, EMISSION, 1.7GeV. 
BHALLA(KB), CHAUEHRY(M) and LOKANATHAN(S). Re l a t i v i s t i c 
a - p a r t i c l e s emitted in Fe-emulsion in t e r ac t ions a t 1.7AGeV. 
Nuclear Physics*' A367» 1981* A46-58. 
Re l a t i v i s t i c a - p a r t i c l e s have been studied in 423 
in te rac t ions of Fe in emulsion a t 1.7AGeV, Comparison of 
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the observed angular d i s t r ibu t ion with t ha t from ' "0 -
emulsion react ions a t 2.1AGeV reveal t h a t more a - p a r t i d e s 
are observed a t large angles in the Fe-emulsion reac t ions . 
The a - p a r t i c l e s a t large angles cannot be explained by 
fragmentation from c lear -cu t spectator . Comparison of the 
experimental data with moving r e l a t i v i s t i c Boltzmann 
d i s t r ibu t ion shows tha t a single Boltzmann d i s t r i bu t i on 
cannot f i t the fragmentation peak and t a i l simultaneously. 
62. , FEKIOUS-ARGON, SHOCK WAVES 
JAIN(PL), DAS(G), CHENG(BT) and ALIAKBAR(Y). Search for 
shock waves in r e l a t i v i s t i c nucleus-nucleus co l l i s i ons . 
Physics Le t te r s / 88B, 1,2; 1979, Efecember» 189-91. 
An analysis of cen t ra l co l l i s ion by 1.9, 0.95, 0.50 
GeV/nucl. Fe and 1.9GeV/nucl argon beams in nuclear emulsion 
i s presented. AngiiLar and rap id i ty d i s t r i bu t ions of the 
secondary p a r t i c l e s do not s ipport the presence of nuclear 
shock waves. 
63. , FERROUS, CHARACTERISTICS, 1.7GeV 
MANGOTRA(LK), DAFTARI(IK), GROVER(RK) and GUPTA(SK). 
Charac ter i s t ics of -^  Fe emulsion in t e rac t ions a t LTGeV/A. 
IL Nuovo Cimentp; 87A, 3»* 1985^ 279-93. 
56 General cha rac t e r i s t i c s of -^  Fe-emulsion in t e rac t ions 
a t 1,7GeV/A are discussed. The r e su l t s on in te rac t ions 
cross-sect ion, mean free pa th , heavy prong mul t ip l i c i ty 
number of emitted a lpha-par t i c les and fragments, e t c . are 
compared with corresponding r e s u l t s from in t e rac t ions of 
other p r o j e c t i l e s over a wide range of mass(A=1 -7- 56). 
The r e s u l t s on cross-sect ion are discussed in the l i g h t of 
geometrical models with special emphasis on the overlap 
parameter. Corrections amongst black, grey heavy p a r t i c l e s 
emitted from ta rge t and the alpha and other p ro j ec t i l e frag-
ments are discussed. 
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64. , FERROUS, FRAO^ ENTATION 
CHERNOV(GM), GULAMOV(KG), GULYMOV(UG) , NAVOTNY(V. Sh. ) , 
PETROV(NV) and SVECHNIKOVA(LN). Fragmentation of 
56 
r e l a t i v i s t i c Fe nuclei in emulsion. Nuclear Physics* 
A412; 1984; 534-50. 
Experimental data on general cha r ac t e r i s t i c s of 
p r o j e c t i l e fragments in i n e l a s t i c i n t e rac t ions of r e l a -
t i v i s t i c ^ Fe nuclei in emulsion are presented and 
discussed, A strong dependence on the mass number of 
the p r o j e c t i l e nucleus i s observed for the t ransverse 
momenta of the emitted p r o j e c t i l e fragments. These frag-
ments exhib i t an azimethal asymmetry caused by the t r a n s -
verse motion of the fragmenting residue, but i t i s sho\«i 
tha t t h i s motion can be responsible only for a p a r t of 
the increase in the average transverse momentian of the 
fragments with increasing mass of the p r o j e c t i l e . 
65. , FERROUS, PARTICIPANT-SPECTATOR MODEL, 1.7GeV. 
BHALL(KB), HERT2MAN(S), OSKARSSON(A) and OTTERLUND(I). 
Proper t ies of pa r t i c ipan t s and spectators in non-peripheral 
Fe-induced react ions a t 1.7A GeV. Physics Le t te r s i 82B,2; 
1979, March; 216-20. 
Central r e l a t i v i s t i c Fe-induced heavy-ion react ions 
in emulsion have been i so la t ed and the authors observe t h a t 
a c lear -cu t thermal pa r t i c ipan t - spec ta to r model f a i l s in 
predic t ing the experimental angular d i s t r i b u t i o n s of charged 
p a r t i c l e s , 
66. , FERROUS, REACTION MECHANISM 
BAUMGARBT(HG), FRIEDLANDER(EM) and SCHOPPIR(E), Evidence 
for t\io d i f ferent react ion mechanisms in r e l a t i v i s t i c 
heavy-ion co l l i s i ons . Journal Physics G; Nuclear Physics; 
7; 1981; L175-S1. 
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An exclusive type study of the t ransverse momentum 
d i s t r ibu t ion of a -pa r t i c l e s emerging as r e l a t i v i s t i c 
p ro j ec t i l e fragments from co l l i s ions of a 1.9GeV/nucleon 
Fe beam in nuclear emulsion reveals t ha t the events f a l l 
into e i t he r one or the o ther of tvro d i s t i n c t - c l a s s e s with 
sharply differ ing c h a r a c t e r i s t i c s . They show tha t the ' h o t ' 
(T AO MeV) events are not simulated by ' p r o j e c t i l e bounce' 
effects and tha t they occur among events of high m u l t i p l i -
c i ty as w611 as among those of low mul t ip l i c i ty . They are 
regarded as d i rec t evidence for a highly co l lec t ive mechanism 
67. , FERROUS-SILICON-OXYGEN, HELIUM, 
EMMISION-ANGLE 
CHANG(SD) and KOO(DG). Limiting fragmentation of helium 
(Z=2) p r o j e c t i l e fragments produced by r e l a t i v i s t i c heavy 
ions in nuclear emulsion. Journal Korean Physical Society* 
23, 2; 1990, April; 116-22. 
The angular d i s t r ibu t ions of emession an&Le 9 of 
helium(Z=2) produced in the co l l i s ions of incident p a r t i c l e s 
of 1.88 AGeV ^^Fe, 14.6A GeV ^®Si and 60 and 200A GeV ''^0 
in nuclear emulsion i s well expressed by dN = exp[a+Kexp 
(ra-^b)]d[exp(ra-^b)] where the pseudorapidity i s r=s 
- ln [ t an(9 /2 ) ] and the laboratory system primary rapid i ty is 
^b. The con^stency of the weighted mean value,k=-0.052+ 
0.002 for four data se t s the iden t ica l shape of t h e i r 
frequency of occurence d i s t r ibu t ion in terms of exp(r-n,) 
a t t e s t to the va l id i ty of the concept of l imi t ing fragmen-
ta t ion for helium p r o j e c t i l e fragments produced in the 
p r o j e c t i l e fragmentation regions of heavy ion co l l i s ions 
in nuclear emulsion in the en t i r e primary energy range 
1.88-200 AGeV. 
68. ^ FCRRogr^SILVER, 1.8GeV. 
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ANTONCHIK(VA), BAKAEV(VA), BELOUSOV(AV), BOGDANOV(SD) 
and VIKHRDV(AI). I n e l a s t i c co l l i s ions of -""Fe nuclei 
a t 1.8 GeV/nucleon vdth nuclei of Ag and Br and the Cascade 
model of nucleus-nucleus in te rac t ions . Soviet Journal of 
Nuclear Physicsi 42, 2i 1985, August; 181-4. 
The authors have used the nuclear emulsion method to 
study the charge, energy, momentum and angular charac ter -
i s t i c s of secondary p a r t i c l e s from i n e l a s t i c i n t e rac t ions 
of ^ Fe nuclei a t energies of 1,8GeV/nucleon vdth nuclei 
of Ag and Br. A systematic comparison of the data vdth 
calculat ions was conducted, using the Dubha version of the 
cascade evaporation model. I t was shown tha t the DCM 
adequately describes most of the in t e rac t ion cha rac t e r i s t i c s 
for the two nuclei i n (^ Fe+ AgBr) co l l i s ions . 
69. , FERROUS-SILVER BROMIDE, ANOMALONS, 
SEARCH, 1.9 GeV. 
BARONI(G). Anomalon Search. Nuclear Physics*' A437; 1985; 
729-38. 
The r e su l t s of an anomalon search using about three 
thousand pro;3ectile fragments produced by in te rac t ion in 
an emulsion of Fe nuclei of 1.9AGeV are presented. The 
mean free path of the fragments show a behaviour compatible 
with normal n. f .p . values of t h e i r components. Special 
case was denoted to inves t iga t ing i f there i s a sample of 
fragments, with common fea tures , which may be responsible 
for an •anomalon' effect . 
70. , FRAGMENT, NUaEAR 
BARBER(HB), FRIER(PS) and WADDINGTON(CJ). Confirmation 
of the Anomalous Behavior of Energetic Nuclear Fragments. 
Physical Review Letters* 48, 13» 1982, March; 856-9. 
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They have observed cosmic ray nuclei to produce 
2072 secondary fragments in nuclear i n t e r ac t i ons detected 
in nuclear emulsions. These fragments produce 557 fur ther 
in t e rac t ions . Previous repor ts tha t these secondary nucle i 
show anomalously short mean free paths near t h e i r point of 
or ig in are confirmed. This effect can be in te rpre ted as 
being due to a l l fragments having cross-sect ions about 
-10 twice normal for some 10 sec a f te r c rea t ion or to a 
small f ract ion having cross section an order of magnitude 
greater than normal. 
71 . , FRAGMENT, PROJECTILE, CHARGE 
GHOSH(D), ROY(J), GHOSH(P), GHOSH(N) and BASU(M). 
Measurement of charge of p r o j e c t i l e fragments. Search for 
f rac t iona l ly charged p r o j e c t i l e fragments. Nuovo Cimento ki 
105A,(Sn2,1); 1992, January* 99-104. 
Measurement of charges (1 < Z < 3) of the p r o j e c t i l e 
fragments in r e l a t i v i s t l c heavy ion co l l i s i ons was carr ied 
out by the measurement of lacunarity(L) of the t rack 
s t ructure in nuclear emiiLsion track deteeter . The lacuna-
r i t y values obtained for e ight t racks cannot be escplained 
i f on assumes they are in t eg ra l ly charged. 
72. , GLAUBER MODEL. 
HEGAB(MK), HUSSEIN(MT) and HASSAN(NM). Nucleus-nucleus 
co l l i s ions a t h i ^ energies. Ze i t sch r i f t Fur Physik A-
Atoms and Nuclei* 336,3» 1990; 345-51 
Nucleus-nucleus co l l i s ions are studied in the frame-
work of an extended Glanber model in which terms higher 
than the f i r s t ( o p t i c a l l imi t ) in the phase sh i f t expansion 
are considered. These are the so cal led ecl ipse correction 
terms. The i n e l a s t i c cross-sect ions and d i s t r ibu t ions with 
respect to both the number of in t e rac t ing nucleons and 
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protons are calculated for various nuclear^nucleus 
in te rac t ions . The r e s u l t s show sa t i s fac tory agreement 
with the available experimental data. 
73. , HADRON-HADRDN, DISTRIBUTION, 
MULTIPLICITY ENTROPY. 
SIMAK(S), SUMBERA(M) and ZBOROVSKY(l). Entropy in mul t i -
p a r t i c l e production and ultimate mul t ip l i c i ty scaling. 
Physics Le t t e r s Bi 206, M 1988, May; 159-62. 
The entropy S=-i;P(n) in P(n) of mul t ip l i c i ty d i s t r i -
butions of charged p a r t i c l e s in hadson-hadson co l l i s ions 
i s inves t igated. The observed l i n e a r increase of s with 
maximum possible CMS rap id i ty Y^ ,^ S=(0.417 to 0.009)Ym, 
may be special case of a more general scal ing s/yjjj=F(Yc/Ym) 
in (pseudo) rapid i ty windows Y < Yc. They p red ic t an 
ultimate mul t ip l ic i ty seal ing in the few TeV region. 
74. , , HADRON-NUCLEOUS, MONTE 
CARLD MODEL. 
RITTER(S) . Pa r t i c l e production in soft hadron-hadron, 
hadron-nucleas and nucleus -nucleus co l l i s i ons in a dual 
Monte Carlo Multi chain Fragmentation Model. Acta Physica 
Polonica; B16,A»' 1985» 305-21. 
A dual Monte-Carlo two chain fragmentation model 
for hadron-hadron co l l i s ions as well as i t s extension to 
a multi chain fragmentation model for hadron-nucleus and 
nucleus-nucleus co l l i s ions i s presented using a Monte Carlo 
method allows the study of inclusive and exclusive quant i t ies . 
Energy momentum and a l l addit ive quantum numbers are 
considered exactly in the model sa t i s fac tory agreement with 
recent data i s obtained. 
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75. , , MULTIPLICITY, DISTRIBUTION, 
LOG NORMAL 
CARIUS(S) and INGELMAN(G). The log-normal d i s t r ibu t ion 
for cascade m u l t i p l i c i t i e s in hadron c o l l i s i o n s . 
Physics Le t t e r s B» 252, 4; 1990, December* 647. 
The authors introduce the log-normal d i s t r ibu t ion 
as a siniple parametrization of m u l t i p l i c i t i e s in hadron-
hadron minimum bear sca t te r ing and show t h a t i t f i t s data 
a t a l l avai lable energies, including the highest energy 
(pp~ a t / s =900 GeV) were the negative binomial d i s t r i -
bution cannot describe the data well. The log-nonnal 
d i s t r ibu t ion i s a two-parameter s t a t i s t i c a l probabi l i ty 
function tha t has a sin5)le in te rp re ta t ion . 
76. , , MULTIPLICITY, DISTRIBUTION. 
BUGERS(GJH), FUGLESANG( C), HAGEDORN(R) and KUVSHINOV(V). 
Mul t ip l ic i ty d i s t r ibu t ions in hadron in t e rac t ions derived 
from the s t a t i s t i c a l bootstrap model. Ze i t s ch r i f t Fur 
Physic C-Part icles and Fields* 46; 1990; 465-80. 
The authors give a self-contained derivat ion of 
the charged mul t ip l ic i ty d i s t r ibu t ion of f ina l hadsons 
in a simplified(only pious) version of the s t a t i s t i c a l 
bootstrap model(S3yi). The analyt ica l form of t h i s d i s t r i -
bution i s determined by two prominent fea tures of SM: a 
s ingular i ty a t some ten^jerature to (Belated to the phase 
t r ans i t i on hadson — quark- gluon plasma) and the produc-
t ion of Poisson-dis t r ibuted hadson c lus t e r s with well 
defined decay s t ruc ture . The mul t ip l ic i ty d i s t r ibu t ion 
of f ina l hadsons has two free parameters: and average 
temperature T and mean number N of c l u s t e r s , both depend-
ing on the co l l i s ion energy / s such t h a t for /S-KI, the 
36 
temperature tends to l imi t T while N may grow without 
bound but very slowly. With these two free parameters 
they obtain reasonable to good f i t s to experimental data 
a t energies ranging from / s = 7.87 to 900 GeV. 
77. J « ^ FLUCTUATION 
BAATAR(Ts. ) , BATSAIKHAN(Ts.), GRISHIN(VG) , TOGOO(R) and 
SHARKHUU(G). Fluctuations in multiple hadron production 
in nucleus-nucleus co l l i s ions a t PQ=^. 2GeV/c per nucleon. 
Soviet Journal of Nuclear Physics* 53» 1» 1991, January* 
129-31. 
The authors have used the method of f a c t o r i a l 
moments(F.) to study f luc tuat ions of the m u l t i p l i c i t i e s 
of hadron produced in nucleus-nucleus co l l i s i ons a t 
p =42 GeV/c per nucleon. The experimental r e s u l t s indicate 
tha t the average values <Fi > depend on the width of the 
rapidi ty i n t e rva l s 6y according to a power law, and t h i s 
implies the existence of f luctuat ions r e l a t ed to the 
dynamics(or to the formation of c lus te r s ) of the studied 
co l l i s ions . This does not depend on the primary energy 
or on the tjrpe of co l l id ing ob jec t s . The r e s u l t s obtained 
agree with previously published data. 
78. , HADRON-NUCLEUS, CORRELATIONS 
ALIEV(Sh.M.), EDGOROV(SO) and YULDASHEV(BS). Forward-
backward corre la t ions in hadron-nucleus i n t e r ac t i ons . 
Soviet Journal of Nuclear Physics* 51,6» 1990, June** 
1008-9. 
Correlations are observed between m u l t i p l i c i t i e s 
of charged p a r t i c l e s emitted in to the forward and back-
ward hemispheres in hadron-nucleus co l l i s ions in the 
primary-energy in te rna l E =4-300 GeV. 
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79. » » MULTIPARTICLE, EFiISSION 
KUMAR(V), LAL(P), PAL SANIA(HS), BHALLA(KB) and 
LOKANATHAN(S). Mul t ipar t ic le production in hadron-
nucleus co l l i s ion and the negative binomial d i s t r ibu t ion . 
Modem Physics Le t te rs A; A, 2» 1989» 
Negative Binomial Distr ibution (NBD) has been shown 
to f i t the charged p a r t i c l e mul t ip l i c i ty d i s t r i bu t ions 
obtained in various hadron-nucleus co l l i s ion experiments 
a t energies E^^ ob* ^^ to 800 GeV. The inverse of NBD-
parameter K shows a logarithmic increase with CM energy, 
/ s which i s different from tha t in elementary c o l l i s i o n s . 
I t i s also shown tha t the clans are more numerous but 
smaller in size in the forward than backward hemisphere. 
80. , , MULTIPLICITY 
GIOVANNINI(A) and VANHOVE(L). Negative bionomial mul t i -
p l i c i t y d i s t r ibu t ions in high energy hadron co l l i s ions . 
Ze i t sch r i f t Fur Physik C-Part icles and Fields* 30•' 1986; 
391-AOO. 
The authors concerns the r e su l t s obtained by UAS 
collaboration on charged p a r t i c l e mul t ip l i c i ty d i s t r i bu -
t ions a t the CERN PP" coll ider(/s=540 GeV) and t h e i r 
comparison with lower energy data [ 1 , 2 ] . Their aim i s 
to i n t e r p r e t in general terms. The experimental finding 
that the d i s t r ibu t ions are of negative binomial form both 
for t o t a l miiLtiplici t ies and in f i n i t e pseudorapidity 
in t e rva l s . 
81 . , , , 400 GeV. 
GHOSH(Dipak), ROY(Jaya), SENGUPTA(Kaushik), BASU(Madhumita), 
BHATTACHARYA(Anuradha). A New approach for the study of 
hadron nucleus in te rac t ion through con5)ound mul t ip l i c i ty , 
Hadronic Journal; 5i 1981; 163-73, 
38 
The authors presents a study of proton-emulsion 
in te rac t ion a t 400 GeV/c through compound mul t ip l i c i ty 
which cons is t s of shovrcr and grey t racks products 
(C= n + n ) . On comparing the compound mul t ip l i c i ty 
s g 
data a t other energies i t has been observed tha t C 
depends on the primary energy in a vmy s imi lar to the 
elementary process and t h a t the mean normalised compound 
mul t ip l ic i ty i s independent of primary energy for any 
ta rge t nucleus. These proper t i es indicate t h a t p a r t i c l e 
production mechanism in hadron-nucleus in t e rac t ion i s 
same over the ent i re energy region studied. 
8 2 . , , , MEAN 
GEVORKYAN(SR), GULKANYAN( GR) and VARTANYAN(VA). Mean 
mul t ip l i c i ty of g -par t i c les in co l l i s ions of various 
hadrons with nuclei . Acta Physica Polonica* B 15,7, 
1984; 599-609. 
Analytic expressions without free parameters tha t 
describe the available experimental data on the g-par t ic le 
mean m u l t i p l i c i t i e s in the in te rac t ions of h i ^ energy 
protons, ant i -protons , pions and kaons with ngiclei, are 
obtained. The comparison with available experimental 
data was made. 
83. , , RAPIDITY, CORRELATIONS 
ALIMOV(SA), CHERNOV(GM), GULAMOV(KG), NAVOTNY(V.Sh) and 
PETRDV(VI). Inclusive two and three p a r t i c l e rap id i ty 
corre la t ions in high energy hadron-nucleus co l l i s i ons . 
Nuclear Physics* B 178; 1981 # 457-76. 
Three-part icle pseudorapidity cor re la t ions are 
invest igated for r e l a t i v i s t i c secondaries from proton-
nucleus in te rac t ions a t 50,67,200 and 400 GeV/c and from 
pion-nucleus in te rac t ions a t 50 and 200 GeV/c. The experi-
mental data on two or three p a r t i c l e cor re la t ions are 
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compared with quant i ta t ive predic t ions of current 
multiple sca t te r ing models of nuclear production. 
Within these model the influence of various fac tors 
on the magnitude of cor re la t ion i s discussed and i t 
shown, in p a r t i c u l a r , t ha t energy-momentum conserva-
t ion plays an essen t ia l role a t present acce le ra tor 
energies. 
84. , , SEALING 
KHAN(MQR), AHMAD(MS) and HASAN(R). Sealing and Mean 
normalized mul t ip l ic i ty in Hadron-Nucleus Coll is ions, 
Physica Scripta* 35» 1987^ 775-7. 
I t has been reported tha t the dependence of the 
mean normalized mul t ip l i c i t y , RA, in hadron-nucleus 
co l l i s ions i^on the effect ive number of p r o j e c t i l e 
encounters, < v' >, i s p r o j e c t i l e independent. They 
report the fa i lure of t h i s kind of scal ing using the 
world data a t accelera tor and cosmic energies . In fac t , 
they have found tha t the dependence of R^ i^jon the number 
of p r o j e c t i l e encounters <v>h^ i s p ro j ec t i l e independent. 
This leads to a new kind of scaling. Further the scaled 
mul t ip l ic i ty d i s t r ibu t ions are found independent on the 
nature and energy of the incident hadron in the energf 
range (17.2 - 300) GeV. 
85. , HADRON RADIATION 
DREMIN(IM). Coherent hadron radia t ion a t extremely high 
energies. JETP Letters* 30, 2i 1979, July; 140-44. 
During the in te rac t ion of extremely high energy 
^%ab = '"^  •^ ^^ ^ hadrons & a hadron rad ia t ion can appear, 
similar to the Vavilov-Carenkov radia t ion in the case of 
electromagnetic f i e lds . The process exh ib i t s on e n e r ^ -
threshold character. The emitted p a r t i c l e s with a given 
energy are concentrated hear some polar angle and possess 
high transverse momentum(at l e a s t several GeV/Sec.) 
AO 
86. , HADRON, 200 GeV. 
STOCK(R). Propert ies of hadrons produced in nuclear 
co l l i s ions a t 200 GeV per nucleon. Nuclear Physics A» 
A^S; 1988, November* 599-612. 
The author discusses rap id i ty d i s t r i b u t i o n s , 
transverse momentum spectra, two pion interferemetry 
and neutra l strange p a r t i c l e production in heavy ion 
co l l i s ion a t 200 GeV per nucleon. 
87. , HEAVY EMULSION NUaEI, DESTRUCTION 
EL-NAEil(M), BARANIK(AT), EL-NAGHY(A), METT\^ ALLI(N), 
BADAWY(OE) and ABD EL-HALIM(S). Catastrophic destruction 
of heavy emulsion nuclei induced by f a s t hadrons. 
Ze i t schr i f t Fur Physik A-Atoms and Nuclei* 310» 1983» 
301-6. 
Photo emulsions were i r r ad i a t ed to 8 .4 , 9 .6 , 69GeV/c 
protons and 4.2 GeV/c/nucleon C ions large s t a r s , having 
a number of heavily ionizing p a r t i c l e s n > 28, were 
studied. Mul t ip l ic i ty , angular and energy d i s t r ibu t ions 
of p a r t i c l e s , produced in t h i s case, were studied at 
different momenta and for different incident p a r t i c l e s . 
I t was shown tha t the products of complete destruction 
of heavy nuclei are nearly individual nucleons. The 
probabi l i ty of t h i s phenomenon increases with the pro jec-
t i l e mass number. 
88. , HEAVY ION. 
BARTKE(Jerzy). Re la t iv i s t i c heavy ion react ions . 
In ternat ional Journal of Modem Physics A» 4 ,6 ; 1989; 
1319-94. 
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The author presents a review of r e l a t i v i s t i c heavy 
ion reac t ions , including r e s u l t s of the new generation 
of high energy experiments a t CERN and Brookhaven. Data 
on cross-sec t ions , secondary p a r t i c l e m u l t i p l i c i t i e s and 
spectra are discussed, together with the question of 
app l icab i l i ty of the superposition model and other theo-
r e t i c a l models. The problem of estimation of energy 
density a t ta ined in r e l a t i v i s t i c heavy-ion co l l i s ion i s 
t rea ted in more de ta i l in connection with the search for 
a phase t r ans i t i on to quark-gluon plasma. 
89. , HEAVY-ION, ANOMALONS. 
BAYMAN(BF) and TANG(YC). Anomalons in r e l a t i v i s t i c heavy 
ion co l l i s ions . Physics Reports(Review Sectionoof Physics 
Le t t e r s ) i 147,3* 1987* 155-87. 
By reviewing experimental r e s u l t s from many anomalon 
researches one can reasonably conclude t h a t anomalons, i f 
they e x i s t , are p re fe ren t i a l ly produced in per ipheral 
co l l i s ions , s ign i f i f ied by low values of N^^ and Z for 
2 > 3, the experimental p ic ture about the existence of 
anomalons i s hot very c lear a t t h i s moment. In the Z-2 
case, however, there are reasonably convincing indica t ions 
tha t anomalons do seem to be present in fragments produ-
1? 
ced by l i g h t p ro j ec t i l e nuclei such as C. 
90. , ,, EMISSION. 
lE-BOER(FWN) and VAN-DANTZIG(R). Possible observation of 
l i g h t neutra l boson in nuclear emulsion. Physics Review 
Letters^ 61 , 1i ; 1988, September; 1274-7. 
The authors report e lect ron-posi t ron p a i r s appare-
n t ly r e su l t i ng from the decay of l i g h t intermediate neutra l 
p a r t i c l e s emitted in r e l a t i v i s t i c heavy-ion co l l i s i ons . 
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The events, observed in nuclear emulsion, are similar 
to data from 55 year ago t h a t ceased the ir* l i fe t ime 
estimate to be wrong by almost 2 orders of magnitude 
for about a decade. The data are consis tent with the 
production and subsequent decay of shor t - l ived neutra l 
bosons with masses around 1.1, 2.1 and 9MeV and with 
l i f e times of the order of 10"''^ to 10"''^ sec. 
91 . , ^CARBON, MEAN FREE PATH, 4. 2GeV. 
KIM(YE). Anomalously short Mean Free Path from Re la t i -
v i s t i c theory-Ion co l l i s ions with C a t 4. 2A GeV/c. 
Le t te rs Al Nuovo Cimento; 43, 8; 1985, August* 573-7. 
An anomalously short mean free path observed recently 
12 
from r e l a t i v i s t i c heavy-ion co l l i s ions with C a t 42A 
GeV/c i s in te rpre ted to be due to the existence of a new 
multiquask compound resonance. Several experiments are 
siiggested to verify the above in te rp re ta t ion . 
92. , , DISTRIBUTION, MULTIPLICITY. 
JAIN(PL), SENGUPTA(K) and SINGH(G). Mul t ip l i c i ty d i s t r i -
butions of heavy ion induced react ions a t 200 A GeV and 
60A GeV. Nuclear Physics A, A498; 1989, Jiily; 547-51. 
Charged p a r t i c l e mia t ip l i c i ty d i s t r i bu t ions for 
i n e l a s t i c non single di f f ract ive react ions induced by ^^S 
a t 200 AGeV and 0 a t 200 and 60 AGeV are presented for 
various pseudorapidity i n t e r v a l s . The data are well 
described by a KNO d is t r ibu t ion a t each energy. The Cg-
moments along with the Universali ty of the plot(C2<n >-l) 
Vs ng in the nucleus-nucleus and pp co l l i s i ons are 
discussed. 
9 3 . , , , PSEUEORAPIDITY, SEALING, 
NAKAMURA-KUDD. 
43 
GHOSH( Dipak) , ROY(Jaya) and BASU(Madhuniita) . Validity 
of Nakamiira-Kudo scaling of charged p a r t i c l e pseudora-
p id i ty d i s t r ibu t ion in r e l a t i v i s t i c heavy ion i n t e r a c -
t ions . Modem Physics Le t t e r s A; 5, 30; 1990; 2485-90. 
The authors present an analysis of ttieir ov«n emul-
sion data in terms of charged p a r t i c l e pseudorapidity 
d i s t r ibu t ion in the cases of ''^C-Ag/Br, ^^g-Ag/Br a t 
^^A GeV/c and ''^0-Ag/Br a t 2.1 A GeV. The data are 
compared with the analysis using two scal ing var iables 
recently proposed by Kenju Mori e t al and Nakamura and 
Kudo. In a l l cases the data show a remarkable with the 
scaling behaviour of Nakamura and Kudo. The data obtained 
for ''^0+Ag/Br co l l i s ions a t l4.6AGeV, 60 AGeV and 200 
AGeV are also in favour of the Nakamura-Kudo scaling. 
94. , , ENERGfY, TRANSVERSE, ZERO 
DEGREE, CORRELATION. 
BI-XEA(MCAO) and WEI-QIN(Chao). Correlation between 
transverse energy and zero-degree energy in r e l a t i v i s t i c 
heavy ion-col lus ions . Nuclear Physic Ai A494,(3»4)# 
1989, Apri l ; 620-30. 
Based on the pa r t i c ipan t ^ e c t a t o r p i c t u r e , applying 
the roultisource model the distribxitions of the zero-degree 
energy(E^Q) and the transverse energy(E ) i n the p r o j e c t i l e 
fragmentation region in r e l a t i v i s t i c heavy-ion co l l i s ions 
are calculated. The cor re la t ions between E and E^j. 
d i s t r ibu t ions i s also analyzed. For co l l i s ions of 60 and 
200AGeV ''^0 with different t a rge t s . The r e s u l t s f i t the 
new data WABO a t CERN very well. 
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95. f . EVENTS, HOT, COLD, 4.5GeV. 
GHOSH(D), ROY(J) and SARKAR(s). Evidence of different 
reaction mechanism for hot and cold events in heavy-ion 
in t e rac t ion . Hadronic Journal* 11, 4; 1988, July;207-10. 
The authors report evidence of d i f ferent react ion 
mechanism for two classes of events, *hot* and ' co ld ' in 
^^C-emulsion a t 4.5(GeV/c)/N observed from a coH5)arison 
of the transverse-momentum(Py) d i s t r ibu t ion with a mixture 
of two Maxwell-Boltzmann d i s t r ibu t ions with different 
temperatures. The hypothesis i s substant ia ted by the 
s ignif icant difference, for ' ho t ' and ' co ld ' events, in 
the values of the average number of pions produced, 
average emission angle of a -p ro jec t i l e fragments, and r a t i o 
of y ie ld of a p a r t i c l e s to protons as p r o j e c t i l e fragments. 
96. , , FLOW. 
CRAWLEY(Cayi) and GALE(C). Disappearance of flow in heavy 
ion -co l l i s ions . Physical Review Letters* 63, 19* 1989, 
November* 2028-31. 
The authors report the f i r s t observation of the 
disappearance of flow in heavy-ion c o l l i s i o n s . Thisis 
accomplished by measuring the exci ta t ion function of the 
average in-plane transverse momentum for the symmetric 
system " ^ L a + ' ^ L a using beam energies of 130, 70 and 50 
MeV/nucleon. The observation i s ind ica t ive of a change 
from dominantly repulsive to a t t r a c t i v e sca t t e r ing . They 
also present the r e s u l t s of ca lcula t ions performed with 
the Bolzmann-Uehling-Uhlenbeck equation which si4)port the 
concept of vanishing flow for t h i s system in the energy 
region between 30 and 50 MeV/nucleon. 
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97. , , FRICTION. 
ABUL-^ ^AGD(A), HUFNER(J) and SCHURMAM(B). F r ic t ion in 
heavy ion react ions a t r e l a t i v i s t i c energies . 
Physics Le t t e r s ; 60B, 4; 1976, February; 327-30. 
A r e l a t i v i s t i c heavy ion i s showed donor during a 
fragmentation react ion. This phenomenon i s described as 
f r i c t ion and analysed within c lass ica l mechanics. Energy 
and momentum conservation alone lead to an ejqpression for 
the f r i c t i on coeff icient . I t describes experimental data 
without adjustable parameter. 
98. , , FUTURE PREDICTION, BROOK HAVEN. 
SAMIOS(NP) and LUDLAM(TWO). Future high energy heavy ion 
physics a t Brook haven Nuclear Physics A» A498» 1989, 
dtulyi 323-32. 
The authors are seeing the deta i led analys is of the 
f i r s t e:q>eriments with high energy nuclear beams a t Brook 
haven and CERN. From a l l indica t ions . The early enthu-
siasm for persuing these inves t iga t ions in to a heretofore 
unexplored f i e ld has cer ta in ly been well-founded. These 
experiments, s t i l l inves t iga t ing co l l i s ions of r e l a t ive ly 
l i g h t ions(A < 32 amu), have stabl ished t h a t s t a t e s of 
con5)ressed nuclear matter can be created and studied under 
laboratory conditions in vAiich extreme values of energy 
density are achieved. The data under inves t iga t ion r e f l e c t 
an environment of h i ^ baryon density, a t energies near 
the maximum for nuclear stopping. 
99- , , FUTURE PREDICTION, CERN. 
STOCK(R). Future heavy ion physics at CERN. Nuclear 
Physics A* A498# 1989, July; 333-53. 
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The author describes the ideas and p lans tha t 
governs the perspective on future work with beams of 
nuclear p r o j e c t i l e s a t CERN. His considerations r e f l ec t 
not an o f f i c i a l CERN policy but the viewpoint of an 
in te res ted CERN user. 
100. , , HELIUM, EMISSION. 
JAKOBSSON(B), KULLBERG(R) and OTTERLUNDd). Fast Helium 
nuclei in in te rac t ions induced by very heavy nuc le i . 
Ze i t schr i f t Physik; 268i 1974» 1-9. 
Fast helium nuclei emitted in in t e rac t ions between 
heavy cosmic ray nuclei(12< 2 < 26) and photoemulsion 
nuclei a t energies >GeV/nucleon have been studied. 
Coo^jarisions with inoract ion where the incident p a r t i c l e s 
are protons, pions or l i g h t nuclei reveal some character-
i s t i c features of nucleus-nucleus in t e rac t ions . The 
frequency of f a s t t a rge t helium nuclei i s much l a rge r and 
h i ^ energy t a i l of the energy spectrum of these heliim 
nuclei i s more pronounced in nucleous-nucleous i n t e r a c -
t ions than in proton-nucleus and pion-nucleus i n t e r ac t i ons . 
The number of helium nuclei emitted depends on thesize 
and dis in tegra t ion of the in te rec t ing nuc le i . 
101. , , INTERMITTENCY. 
BUSCHBECK(B) and LIPA(P). Intermittency in multi p a r t i c l e 
production-A brief experimental survey. Modem Physics 
Let te rs A; 4,19i 1989# 1871-76. 
Intermittency pa t t e rns of f luctuat ions in p a r t i c l e 
production are observed i n heavy ion c o l l i s i o n esqDeriments, 
hadron-hadron col l i s ion experiments and in e"*" e~ escperi-
ments es tabl ish ing the existence of t h i s phenomenon. 
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102. , HEAVY ION, MULTIPLICITY. 
SUMIYOSHI(H). High mulUpl ic i ty events in U l t r a -
r e l a t i v i s t i c heavy ion co l l i s ions . Physics Letters* 
15B, 1.2.3» 1983, November; 241-6. 
From the view point t ha t a nucleus-nucleus 
in te rac t ion i s composed of multiple nucleon-nucleon 
co l l i s i ons , he analyze the mean m u l t i p l i c i t i e s of u l t r a 
r e l a t i v i s t i c heavy-ion co l l i s ions . Most of the exper i -
mental data are well settledwwithin h is framework. The 
re la t ionship between t h i s and other models are br ief ly 
discussed. 
103. , , MULnPLICITY DISTRIBUTION, 
PION, 4.5 GeV. 
GHOSH(D), ROY(J) and SENGUPTA(R). Evidence of bimodal 
pion mii l t ip l ic i ty d i s t r ibu t ion in 'Cold' events produced 
in symmetric heavy ion co l l i s ion a t 4 .5 GeV/c. Fi2ika» 
20, 3 ' 1988, July-September; 381-4. 
The authors present a study of themul t ip l ic i ty 
d i s t r ibu t ion of the secondary par t i c les (p ions ) produced 
in those events where the temperature of the fragmenta-
t ion region of the p r o j e c t i l e alpha p a r t i c l e s i s 10 MeV 
1 ? in the C-emulsion in te rac t ion a t 4.5 GeV/C per nucleon. 
This 10 MeV temperature was obtained by con^jaring the 
transverse momentum d i s t r ibu t ion of the p r o j e c t i l e alpha 
p a r t i c l e s with double Maxwell-Boltzmann d i s t r i bu t i on . 
I t was found tha t the two temperatures(10 MeV and 40MeV) 
belonged to dif ferent events having di f ferent reaction 
mechanism and the events having 10MeV temperature were 
c lass i f i ed as QGP events . The mul t ip l i c i ty d i s t r ibu t ion 
of the pions from the events hawing lOMeV tenperature in 
t h e i r fragmentation region shows two peaks thereby depict-
ing a bimodel process. 
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104. , , , FLUCTUATION. 
AEMOVICH(MI) and ZHOU(JC). On the multiplicity fluc-
tuations in re la t iv i s t i c heavy ion coll isions. 
Physics Letters B; 242,(3.4); 1990, June» 512-6. 
The authors discuss the general features of the 
multiplicity distributions in r e l a t iv i s t i c heavy-ion 
collisions. I t i s shovm that from simple s t a t i s t i ca l 
considerations i t i s possible to predict the dependence 
of the dispersions of multiplicity distribution on the 
average multiplici t ies in any given rapidity window. 
The applicability of the negative binomial distribution 
to multiplicity distributions from coll isions with 
heavy ions i s discussed. 
105. » » » FLUCTUATION. 
HWA(Rudolph C), A proposed analysis of mul t ip l i c i ty 
f luctuat ions in high energy heavy ion c o l l i s i o n s . 
Physics Le t t e r s B» 201, M 1988, January; 165-8. 
The author has proposed a procedure for analyzing 
the data on mul t ip l ic i ty d i s t r ibu t ion in u l t r a - r e l a t i -
v i s t i c nucleus-nucleus co l l i s ions . A specifi(£ p lo t of 
the dispersion versus rap id i ty window i s suggested so 
that s ign i f icant information in dynamical f luctuat ion 
can be extracted. Arguments are presented to advances 
the speculation tha t the proposed analysis may be a 
method to discover signatures of quark-glucon plasma. 
106. , , , 4 .5 GeV. 
GHOSH(D), MUKHOPAfflYAY(A), GHOSH(A) and SENGUPTA(R). 
Mult ip l i c i ty cha rac t e r i s t i c s of heavy-ion in te rac t ions 
a t 4.5 GeV/c per nucleon. Nuclear Physics A; A499,4; 
1989, August; 850-60. 
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The authors present exhaustive, new data on the 
shower and compound mul t ip l i c i ty cha r ac t e r i s t i c s of 
^i4^emulslon and C-emulsion in t e rac t ions a t incident 
momentum of 4.5 GeV/C per nucleon. A comparative study 
i s made(whenever possible) with p-emulsion in te rac t ion 
data a t the same incident momentum per nucleon. The 
l i n e a r dependences of different m u l t i p l i c i t i e s on shower 
and compound mul t ip l i c i ty , e .g . <n<|>=a^^+K. .n^(i = j ) , 
are also shown in t h i s paper. 
107. , , ONE nmENSIONAL MODEL. 
SCALIA(A). Entrance channel ef fec ts in Heavy-Ion react ions . 
Le t te r s Al Nuovo Clmentp; 39, 16» 1984, April* 383-9. 
In t h i s paper author proposed a " one-dimensional" 
model for heavy-ion reac t ions . According to t h i s model, 
the only s ignif icant degree of freedom i s the r e l a t ive 
vector between two in t e rac t ing nucle i . The r e l a t ive 
angular momentum will be included, hov/ever, and in t h i s 
sense the model in question i s actual ly three dimensional. 
The proposed model allows to Invest igate the entrance 
channel e f fec ts in heavy-ion react ions . 
108. , , PIONIC MODES. 
BROWN(GE). Production of p lonic modes in r e l a t i v i s t l c 
heavy-ion co l l i s ions . Nuclear Physics A* A505,(3-4); 
1989, December; 823-34. 
Production of plonic modes in heavy-ion co l l i s ions 
of energy E/nucleon IGeV i s subs tant ia l ly enhanced by 
in te rac t ions of the pions with the medium. These 
in te rac t ions provide a momentum dependent index of 
refract ion forthe pions, making Cherenkov radia t ion of 
them possible for nucleons t ravers ing such media. 
Schematic and r e a l i s t i c ca lcula t ions of these process 
are presented. 
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109. , » QUARK-GLUON PLASMA, FORMATIONS. 
GREINER(C), RISCHKE(EH) and STOCKER(H). Crea t ion of 
strange-quark matter droplets as a unique signature for 
quark gluon plasma formation in r e l a t i v i s t i c heavy ion 
co l l i s i ons . Physics Review D. Pa r t i c l e Fields> 38,9» 
1988, November; 2797-807. 
The authors demonstrate t h a t strangeness separates 
in the Gibbi-phase coexistance between a baryon-rich 
quark-gluon plasma and hadron matter, even a t T=0 For 
f i n i t e temperature t h i s i s due to the associated produc-
t ion of kaons in the hadron phase while s quarks remain 
in the deconfined phase. The s-s separation r e s u l t s i n 
a strong enhancement of the S-quark abundance in the 
quark phase. This mechanism i s fur ther supported by 
cooling and net strangeness enrichment due to the pref ree-
zeont evaporation of peons and k , k, which carry away 
entropy and ant is trangeness from the system. Meta s table 
droplets of strange-quark matter can thus be formed during 
the phase t r ans i t i on . Such cool, compact, long l ived 
c lus te r s could be experimentally observed by the i r usually 
small Z/A r a t i o ( ^ 0 .1-0 .3) . Even i f the strange-quark-
matter phase i s not s table under strong in t e rac t ions i t 
should be observable by the delayed corre la ted emission 
of several hyperons. This would serve as a unique signa-
ture for the t rans ien t formation of a quark-gluon plasma. 
110. , , QUARK-GLUON STRING MODEL. 
AMELIN(NS), GUDIMAL(KK) and TONEEV(VB). Quark-gluon s t r ing 
model and u l t r a r e l a t i v i s t i c heavy-ion c o l l i s i o n s . 
Soviet Journal of Nuclear Physics* 51,2# 1990, February; 
327-33. 
A Monle Carlo version of the quark-gluon model I s 
developed for describing i n e l a s t i c nucleus-nucleus 
co l l i s ions a t u l t r a r e l a t i v i s t i c energies. The similarities 
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and differences between the auths ' model and ex is t ing 
Monte Carlo models of t h i s type are discussed. Calcu-
l a t i ons of nuclear in te rac t ions a t the energy 200 GeV 
per nucleon. Carried out using t h i s model are compared 
with experimental data. 
111. , , SCALING. 
ANIERSSON(B), IDH(J), OTTERLUND(I) and STENLUND(E). 
Some general scaling ru les in high energy heavy-ion 
react ions. Nuclear Physics A; A496, ki 1989, June;781-94. 
The authors show, using the F r i t i o f model scenaro 
tha t the wide var ia t ion in the number of p a r t i c i p a t i n g 
nucleons tend to drown other dynamial va r i a t ions in the 
measurables of h i ^ energy heavy-ion co l l i s i ons . They 
propose a se t of general scal ing laws for inclus ive 
d i s t r ibu t ions in vdiich i t i s the mean mul t ip l i c i ty and 
the mean transverse energy from each source which are the 
measureables in the in t e rac t ions . 
112. , , SPECTATOR-PARTICIPENT MODEL. 
OTTERLUND(I) and STENLUND(E). Space-time development 
of nuclear co l l i s ions in control heavy ion react ions a t 
very high energies. Physica Scripta» 22,* 1980,' 15-8. 
The authors present a clean-cut s p e c t a t o r - p a r t i c i -
pant model for pa r t i c l e production in heavy ion react ions 
a t very high energies. The model i s an extension of 
independent p a r t i c l e models for hadron-nucleus i n t e r a c -
t ions . 
113. , , STRANGENESS. 
FRIMAN(BL). Strangeness in u l t r a r e l a t i v i s t i c heavy-ion 
co l l i s ions . Nuclear Physics M A498» 1989, July,* 161-72. 
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Strangeness production in l i L t r a - r e l a t i v i s i t i c 
heavy-ion co l l i s ion i s reviewed. The r e l a t i ve impor-
tance of strangeness production in the quark-gLuon 
plasma phase in the hadronic phase and during the 
hadronization t r ans i t i on i s discussed and the effect 
of pion evaporation from the surface of the f i r e ba l l 
i s estimated. Results for k/A-rat ios are given and 
con^^ared with experiment. 
114. , , SYMMETRIC, ASYMMETRIC, IWLTIPLICITY, 
4.5 GeV. 
GHOSH(D), MKHOPADHYAY(A), GHOSH(A), SARKAR(S), 3ENGUPTA 
(R) and ROY(J. Beb). Mul t ip l ic i ty cha rac t e r i s t i c s of 
symmetric and asymmetric heavy-ion in t e r ac t ions a t 4.5A 
GeV/c. Europhysics Letters*' 11, 6; 1990, March; 535-AO. 
The authors presents a systematic analys is of mul t i -
p l i c i t y data in l imited regions of phase space in 
symmetric ( C-C/N/O) and asymmetric ( %g-Ag/Br) heavy-
ion in te rac t ions a t 4,5AGeV/c. I t i s observed tha t in 
both type of in te rac t ions the mul t ip l i c i ty d i s t r ibu t ion 
of produced charged p a r t i c l e s can be well f i t t e d to the 
newly prescribed negative binomial(NB) law, the deta i led 
cha rac te r i s t i c s of which are also invest igated. 
115. , , , 4.5 GeV. 
GHOSH(D), SARKAR(S) and ROY( J. Dob). Mul t ip l i c i ty 
cha rac te r i s t i c s of symmetric and asymmetric heavy-ion 
in te rac t ions a t 4.5A GeV/c. Europhysics Let ters* 11, 6, 
^9$^i March; 535-40. 
The authors presents systematic analys is of mul t i -
p l i c i t y data in l imited regions of phase space in symme-
t r i c ( ' ' ^ C - C / N / O ) and asymmetric (^\[g-Ag/Br) heavy-ion 
in te rac t ions a t 4.5A GeV/c. I t i s observed tha t in both 
types of in te rac t ions the mul t ip l ic i ty d i s t r ibu t ion of 
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produced charged p a r t i c l e s can be well f i t t e d to the 
newly prescribed negative binomial(NB) law, the deta i led 
cha rac te r i s t i c s of which are also invest igated. Also, 
for the f i r s t time a universa l i ty i s observed in the 
behaviour of entropy production in symmetric and asymme-
t r i c nuclear co l l i s ions i f the incident momentum per 
nucleon i s kept constant, 
116. ,HELIUM-CARBON-NITROGEN-OXYGEN-SILVER 
BROMIH:, FRACS^ IENTATION, 2.1 GeV. 
HECKMAN(HH), GRIENER(DE), LINDSTROM(PJ) and SHWE(H)., 
Fragmentation of H , ''^C, "^Si and 0 nuclei in nuclear 
emulsion a t 2.1 GeV/ngicleon. Physical Review C» 17i» 5 ' 
1978, May; 1735-46. 
A IP 
A comparative study of the fragmentation of He, C, 
% and 0 nuc le i , E=2.1GeV/nucleon, has been made by 
using nuclear emulsion detector . The in t e rac t ion mean 
free paths(cm) for these nuclei in emulsion are 21.8+0.7, 
13.8+p.5» 13.1+0'5 and 13.0+0.5 respect ively. These data 
are discussed in terms of opt ica l models and geometrical 
theor ies . Fragmentation react ions i n i t i a t e d by C, ^ 
and 0 p ro j ec t i l e tha t exhibi t no t a rge t exc i ta t ion i s 
tha t possess no low energy p a r t i c l e emission are selected 
for special study of p r o j e c t i l e fragmentation. The 
angular d i s t r ibu t ion are in dependent of the p ro j ec t i l e 
and exhibi t features of l imi t ing fragmentation. 
117. , HELIUM-NUaEI, EMISSION, DISINTEGRATION. 
TAKIBAEV(Zh.S), SHALAGINA(EV), AMANKULOVA( DS), TITOVA(NS) 
and STERN(GR). Study of d i s in tegra t ions produced by high 
energy protons with emission of Fast He nuc le i . 
Soviet Journal of Nuclear Pbysics» 3,5» 1966,November* 
623-9. 
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The authors have studied the emission of helium 
nuclei with k ine t ic energies in the range 100-2500 MeV 
from s t a r s produced by 10-20BeV protons in photoemul.sion. 
I t i s shown tha t in 98% of the cases the emission of 
doubly charged p a r t i c l e s occurs in d is in tegra t ion of 
heavy emulsion nuclei . I t i s noted tha t the production 
cross section of the p a r t i c l e s invest igated and t h e i r 
energy and angular d i s t r i bu t ions do not depend on the 
incident proton energy. They have con5)ared the average 
number of t h e i r gray and black t racks in these i n t e r a c -
t ions . They conclude t h a t the process of emission of 
the f a s t helium nuclei observed i s connected with a 
cascade process inside the nucleus. 
118. , HELIUM-OXYGEN-ARGON-SILVER BROMIDE^  5"-72'-*'^ ' 
HECKMAN(HH), CRAWPORD(HJ), GREINER(DE), LINSTROM(PJ), and 
WILSON(Lance W). Central Coll is ions produced by r e l a t i -
v i s t i c heavy ions in nuclear emulsion. Physical Review c; 
17, 5» 1878, May; 1651-64. 
The authors have performed an experimental stuciy of 
the angular and nomentum d is t r ibu t ions of fragments emitted 
from central co l l i s ions between emulsion nuclei(Ag Br) and 
heavy-ion prooect i les He, ''°0 and ^ A r a t beam r i g i d i t y 
5.72 GeV, No beam veloci ty fragments are produced within 
5* of the incident beam direct ion. Production angles 
have been measured for a l l fragments having a r e s t r i c t e d 
gain density g > 2g^^^ corresponding to protons of Ej^ 25DMeV. 
The data are analyzed in terms of a modified Maxwell-
Boltzmann d is t r ibu t ion from which they obtain estimates 
of the longitudinal veloci ty 011 and the cha rac t e r i s t i c 
spectral velocity 3 of the p a r t i c l e emitt ing systems. 
They find tha t no unique Maxwillian d i s t r ibu t ion can account 
for the observed fragment d i s t r ibu t ions . The angular 
d i s t r ibu t ions do not display s t a t i s t i c a l l y s igni f icant 
s t ructure a t t r ibu tab le to col lec t ive phenomena. 
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119. » HYDROGEN-HELIUM-CARBON, 
CROSS SECTION. 
WEBBER(WR), KISH(JC) and SCHRIER(DA). Total charge 
and mass changing cross-sect ions of r e l a t i v i s t i c 
nuclei in hydrogen, helium and Carbon t a r g e t s . 
Physical Review C; 41 , 2i 1990, February; 520-32. 
The authors describe the r e s u l t s of systematic 
study of t o t a l , elemental and isotopic cross-sect ions 
measured in hydrogen, helium and Carbon t a rge t s . These 
fragmentation studies are based on measurements using 
42 beams of 12 separate nuclei from ^^C to ^ i . This 
has resul ted in the measurements of more than 100 
secondary elemental cross sections and over 300 secon-
dary i so topic cross sect ions in addit ion to the t o t a l 
charge changing and mass changing cross sections 
reported in the paper. In the work reported in the 
paper 100 t o t a l charge changing and mass changing 
cross sections have been measured for various t a rge t s 
and energies the mass charging cross sect ions are 
found to agree with e a r l i e r cross section measurements 
using energetic protons incident on t a rge t s composed of 
heavier elements to within 2% in cases where a compa-
r ison can be made. The systematics of t h i s new data se t 
are described and a new, more accurate cross section 
formula i s presented and discussed. 
120. , , FRAfflENTATION-CROSS SECTION, 
ISOTOPIC. 
IVEBBERCWR), KISH(JC) and SCHRIER(DA). Individual i so top ic 
fragmentation Cross-sections of r e l a t i v i s t i c nuclei i n 
hydrogen, helium and carbon t a rge t s . Physical Review c; 
41 , 2i 1990, February; 547-65. 
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The authors discuss i so topic fragmentation 
cross-sect ions measured in hydrogen, helium and 
carbon t a rge t s . Over 300 of these cross-sect ion 
have been measured in 24 separate runs using 12 
charges from ''^C to ^ N i . Most of these isotope 
cross-sect ions were measured a t an energy 600 MeV/ 
nucleon. They observe, comparing both these data 
and other data, tha t to f i r s t order, the mass 
f ract ions for each isotope are e s sen t i a l ly independent 
of energy. This ind ica tes tha t the energy dependence 
of the i sotopic cross-sect ions i s e s sen t i a l ly the 
same as for the charge changing cross-sect ions . I t 
i s also observed tha t the i so tp i c mass f rac t ions and 
the width of the mass d i s t r ibu t ions for each charge 
are essentiallj?i independent of the H, He and C t a rge t s 
involved. A large body of new data on proton and 
neutron s t r ipping react ions are also presented and 
discussed. 
121. , HYDROGEN-HYDROGEN, CROSS SECTION, 
FORMULA. 
WEBBER(W), KISH(JC) and SCHRIER(DA). Formula c a l c u l a -
t ing p a r t i a l cross-sect ions for nuclear react ion of 
nuclei with E > 200 MeV/nucleon in hydrogen t a r g e t s . 
Physical Review C; 41 , 2i 1990, February* 566-71. 
The authors describe a new formula for ca lcu la -
t ing the p a r t i a l cross-sect ions for the production of 
secondary fragments with energy > 200 MeV/nucleon in 
hydrogen t a rge t s . This formula and systematics of 
these cross-sect ions are based on fragmentation s tudies 
Using 42 beams of 12 separate nuclei between Zs6 and 
28. This has resul ted in the measurement of more than 
100 secondary elemental cross-sect ions and over 300 
secondary isotopic cross-sect ions . The systematics of 
these cross-sect ions allow them to write the cross-secticn 
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formula as a product of three e s sen t i a l ly independent 
terms, one which describes the elemental c ross-sec t ions , 
another the i so topic cross-sect ions and a th i rd term 
describing the energy dependence. This formula i s able 
to p red ic t the cross-sect ions in hydrogen for Z=4. 2B, 
A=7-60 nuclei above 200 MeV/nucleon to an accuracy 
10% or b e t t e r - a subs tant ia l improvement over e a r l i e r 
formulations 
122. , IMPACT-PARAMETER, HIGH ENERGfY. 
CAVATA(C), DEMOULINS(M) and GOSSET(J). Determination 
of the impact parameter in r e l a t i v i s t i c nucleus-nucleus 
c o l l i s i o n s . Physical Review C; 42» 6i 1990, December, 
1760-3. 
The authors have proposed a simple method for 
determining the impact parameter in r e l a t i v i s t i c 
nucleus-nucleus co l l i s ions . Assuming a monotonous 
corre la t ion between multiplici ' ly and impact parameter, 
the mul t ip l ic i ty dependence of the measured cross-
section i s in terpre ted as an impact-parameter dependence 
of the geometrical react ion cross section. The r e l i a b i -
l i t y of t h i s method i s checked to be excel lent within 
the frame work of the in t ranuclear cascade model. I t s 
applicat ion to data analysis a t lower and h i ^ e r energies 
i s suggested. 
123. , IMPACT PARAMETER, FLOW, DEPENDENCE. 
SULLIVAN(JP) and MOTOBAYASHI(T). Disappearance of flow 
as a function of i n t a c t parameter and energy in nucleus-
nucleus co l l i s ions . Physics Let te r B ; 249,1;1990, 
October; 8-12. 
The authors have measured the dependence of 
co l lec t ive nuclear flow on impact parameter and beam 
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energy from 25 to 85 MeV/n for Ar+Al with the hn array 
Mur+Tonnean. The flow of the p a r t i c l e s emitted from 
the in te rac t ion region f a l l s to zero a t a beam energy 
in the range 70-80 MeV/n for iirpact parameters below 
2fm. This energy increases with the impact-parameter. 
This study as a function of the impact parameter and 
the energy show allow information both on the nuc3.eon-
cross section in medium and BOS of nuclear matter to 
be obtained. 
124. , INTERMITTENCY, MULTI-PARTI a E 
PRODUCTION. 
CAPELLA(A), FIALKOWSKI(K) and KRZYWICKI(A). Has i n t e r -
mittency been observed in mul t ipar t ic le production? 
Physics Let te rs B; 230,(1-2); 1989, October; 149-52. 
A semi-quantitative understanding of i n t e r m i t t -
ency data can be achieved within the standard framework 
of mul t ipar t ic le phenomenology: Intermittency co l l i s ions 
of heavy nuclei i s e^qsected to be control led by B-E-
correlations. 
125. , , PARTI a E CORRELATIONS. 
DEWOLF(EA). Intermittency, negative bianomials and 
two p a r t i c l e cor re la t ions . Acta Physics P O I . B ; B 2 1 , 8 ; 
1990, August, August; 611-26. 
Recent data on f ac to r i a l moments are analyzed 
and found to follow r e g u l a r i t i e s expected from a nega-
t ive binomial(NB) mul t ip l i c i ty d i s t r ibu t ion . A l inked 
p a i r approximation for the - p a r t i c l e rap id i ty corre-
l a t i o n s , proposed by Carsin-ttiers and Sarcene(l989), i s 
proved to lead to mul t ip l i c i ty d i s t r ibu t ions of NB-type 
in small rapidi ty windows. From the general theory 
of s tochast ic processes, the author deduces t ha t the 
59 
random nature of hadron production in small phase 
space c e l l s closely resembles t ha t of a completely 
chaotic(garussian) system. The l a t t e r i s shovm tD 
be phenomenologically equivalent with the Carruthers-
Sarcenic ansatz for two-part icle cor re la t ions of 
e3q)onential(Lorentzian) shape, 
126. , KAONS-ALlMINim-GOLD, DISTFaBUTION, 
MULTIPLICITY, 250 GeV. 
AJINENKO(IV), VERBEURE(F) and WISCHNEWSKI(R). 
Mul t ip l ic i ty d i s t r ibu t ion in K*, Al and K^An co l l i s ions 
a t 250 GeV/c and t e s t of the multiple co l l i s ion model. 
Ze i t sch r i f t Fur Physik C-Part lcles and Fields* 42»1989' 
577-85. 
Mul t ip l ic i ty d i s t r i bu t i ons , observed in k"*" 
in te rac t ions with Al and An nuclei a t 250 GeV/c incident 
momentum are presented. They are analysed in the frame-
work of multiple co l l i s ions of the incident p a r t i c l e 
inside a nucleus. The probabi l i ty d i s t r ibu t ion of the 
number of grey t racks i s well described by the model of 
Andersson e t a l , i f a negative binomial d i s t r ibu t ion i s 
assiMed for the d i s t r ibu t ion of the number of grey 
protons produced per elementary co l l i s ion instead of 
the usual geometrical d i s t r ibu t ion . The analysis of 
the average and dispersion of the charge mul t ip l ic i ty 
d i s t r ibu t ion s ipports the va l id i ty of the multiple 
co l l i s ion model, including r e s u l t s on cor re la t ions be t -
ween forward and backward m u l t i p l i c i t i e s . 
127. , KRYPTON-ARGON, CHARGE, FRAGMENT. 
JAIN(PL), AGGARWAL(NM) and GOMBER(KL). Fragments of 
charges 3< Zfl4 from ^^Kr and ^ A r a t r e l a t i v i s t i c 
energies. Physical Review C; 3,4,2» 1986, February; 
726-8. 
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The authors have followed the secondary p ro j ec t i l e 
fragments of charges 3£Z_<14 from Kr and Ar beams a t 
1.52A and 2A GeV with 64? and 669 secondary i n t e r ac -
t i ons , respect ively, in nuclear emulsion. They do 
not observe any evidence for the anamalous fragments. 
128. , , CORRELATIONS, AZIMUTHAL, 
1.4GeV. 
BArarAL(SK), BHASIN(A) and SODERSTROM(K). On the 
p r o j e c t i l e mass dependence of azimuthal cor re la t ions 
in in te rac t ions with emulsion ta rge t nuc le i . I n t e r -
nat ional Journal of Modem Physics A; 4, 15» 1989, 
September; 5779-90. 
The authors have observed strong two-part ic le 
azimuthal corre la t ions in different groups of charged 
p a r t i c l e s in Ks-Em in te rac t ions a t 1.4A GeV. They 
also found a systematic growth of cor re la t ion with the 
increase of p ro j ec t i l e mass and also with respect to 
pa r t i c ipa t i ng t a r g e t mass. The parameters studied 
are the symmetry coefficients(A and <a>) and intergroi?) 
corre la t ion parameter < Oj^ ^>. The co l inear i ty coeff i -
cient s(B and <|>) were also studied but no s t a t i s t i ca l ly 
s igni f icant s ignal , except for Z=Z(He) fragments from 
the p ro j ec t i l e was found. 
129 . ,KRYPTON-SILVER BROMIDE, PROJECTILE 
TARGET FRAGMENT. 
ARORA(R), BERI(S) , BHATIA(VS), KAUR(M) and M I T T R A ( I S ) . 
Study of angular cor re la t ions of p r o j e c t i l e and t a rge t 
fragments in 1.4A GeV Kr+Ag<Br) co l l i s ions . Ze i t sch r i f t 
Fur Phvsik A-Atoms and Nuclei* 333» 4; 1989»' 373-8. 
A sample of high mul t ip l ic i ty quasi central. 
Kr+Ag(Br) in te rac t ions has been analyzed in terms of 
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angular corre la t ions between p ro j ec t i l e and ta rge t s 
fragments. The azimathal cor re la t ions of PFs and 
TFs and TFs suggests the presence of a weak col lect ive 
bounce-off) effect . Other observations l i k e , t a rge t 
recoi l ve loci ty , F / B r a t i o of TFs with respect to 
direct ion of the i r source e tc . are in te rpre ted in terms 
of simple two body quas i -e l a s t i c sca t te r ing and a 
modified Maxwell-Boltzmann d i s t r ibu t ion . 
130. , LARGE-ANGLE TWO PARTICLE CJORRELATIONS, 
13.65 GeV. 
AEa^ ASEVICH(B) and VINOGRADOV (A). Large angle two-
p a r t i c l e correla t ions in nucleus-nucleus co l l i s ions a t 
3.6 GeV/nucleon. Nuclear Physics B, Proc. Si^plement> 
16; 1990, August; 419. 
For nucleus-nucleus co l l i s ions a t 3.6GeV/nucleon, 
the authors have measured corre la t ions between a charged 
p a r t i c l e emitted in the range from 10 to 18 and a chai^ 
ged fragment (pro ton, deutron or pion) emitted a cer ta in 
angle in the range of 45 ' -130 ' . The following p ro jec t i l e -
t a rge t combinations were studied C+Al(45» 60**, 60", 86°, 
130°); C+Cn(45% 60% SO**); C+Pb(45; 60% 80% ISO**) 
He+Al(45% 80'>, 130"); He+Pb(45% 80% 130°). 
131. , MACa^ EBIUM-SILVER BROMIDE. 
EL-NAGHY(A), GHONEIM(MT), BARANIK(AT), EL-SHARKA¥Z(S) 
and EL-DAIM(A Abd). In te rac t ions of 4.5A GeV/c '"S^g 
nuclei in emulsion. Nuclear Science Joi;imai; 25,5» 1989, 
October; 351-8. 
The mean free path of i ne l a s t i c co l l i s ions of 
4.5A GeV/c ^Vg nuclei with emulsion, has been measured 
and compared with geometrical model. The mul t ip l i c i ty 
cha rac te r i s t i c s were studied for i n t e rac t ions a t a l l 
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impact parameters, within the framework of incohei'^nt 
superposition models. The co l l i s ions a t small impact 
parameters were seem to be inconsis tent with the sxper-
pos i t ion model, 
132. , , MULTIPLICITY DISTRIBUTION, 
A. 5 GeV. 
GHOSH( Dipak), MUKHOPADHyAY(Amitabha), and GHOSH(Anit). 
The va l id i ty of the negative binomial mu l t ip l i c i ty 
d i s t r ibu t ion in the case of the r e l a t i v i s t i c nucleus 
nucleus in terac t ion . Physics Le t te r s B ; 218, hi 1989, 
March; 431-5. 
The authors presents new data on the mul t ip l i -
ci ty d i s t r ibu t ion of charged secondaries in 2 ^ g 
in te rac t ions with AgBr a t 4.5 GeV/c per nucleon. The 
va l id i ty of the negative binomial distribution(NBD) 
i s studied. I t i s observed tha t the data can be well 
parametrized in terms of the NBD law for the whole 
phase space and also for different p sen do-rapidity 
bins. A comparison of different parameters with those 
in the case of h-h in t e rac t ions reveals some i n t e r e s t -
ing r e s u l t s , the implicat ions of which i s discussed. 
133. , , , PION, 4.5 GeV. 
GHOSH( Dipak), MUKHOPArHYAY(Amitabha), and GHOSH(Amit). 
Zonal poissoniam pion mul t ip l ic i ty in centra l ^T4g-AgBr 
co l l i s i ons a t dubna energy. Modem Physics A» 4,13# 
1989; 1197-1202. 
This paper repor ts a stuc^ on the coherent 
production of pions in central ^T^g-AgBr co l l i s i ons a t 
4.5 GeV/c per nucleon. The analysis i s based on a 
comparison of ejcperimental mul t ip l ic i ty d i s t r ibu t ion 
in different pseudo rap id i ty-b ins with poissomic 
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d is t r ibu t ion . I t has been observed t h a t pion 
mul t ip l ic i ty i s Poissonim in some specific zone. 
The physical implication i s also discussed. 
13A. , , PSEUDORAPIDITY, CORRELATION, 
4.5 GeV. 
GHOSH(D), GHOSH(A) and MUKHOPArHYAY(A). Two and three 
p a r t i c l e psendo-rapidity dynamical cor re la t ions in 
central Mg-AgBr in te rac t ion a t 4.5A GeV/c. 
Nuclear Physics A; A491, 4# 1989, January»' 684-93. 
The present work deals with an extensive study 
of two and three p a r t i c l e pseudorapidity cor re la t ion 
among the shower p a r t i c l e s in central Mg-AgBr 
in te rac t ions a t 4,5GeV/c per nucleon and comparison 
with '^ C-AgBr data a t the same incident momentum per 
nucleon. The e3q)erimental data have been used as 
input for a Monte-Carlo simulation to look for true 
dynamical corre la t ion in each case. The corre la t ion 
effect has been observed to depend in te res t ing ly on 
the size of the p r o j e c t i l e . The de ta i led observation 
i s reported and the in5)lications are discussed. 
135. , MULTIFRAGMENTATION, FLUCTUATION, 
INTERMITTENCY. 
PLOSZAJCZAK(M) and TUCHOLSKI(A). Intermittency pa t t e rn 
of f luctuat ions in nuclear multifragmentation. 
Physics Review Letters* 65, 13» 1990, September? 1539-42. 
The authors have used the method of scaled fac-
t o r i a l moments to study f luctuat ions of the fragment-
size d i s t r ibu t ion in the percolat ion model and in 
nuclear emulsion. The percolat ion model accounts wil l 
for the f luctuat ions in the nuclear fragmentation 
process. An in te rmi t ten t pa t te rn of f luctuat ion i s 
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found in the data suggesting a s e l f - s imi l a r i t y in 
the fragment size d i s t r ibu t ion and a random character 
for the scal ing law. However, no evidence of the 
c r i t i c a l behaviour in nuclear multifragmentation i s 
found. 
136. , , PERCOLATION-MODEL, 
SCALING. 
NGO(H) and ZHENG(YM). Scaling p roper t i e s of percola t ion 
model for multifragmentation. Ze i t s ch r i f t Fur PhysikA-
Atoms and Nuclei; 337, M 1990» 81-95. 
The authors have used scaling p roper t i e s of 
nuclear multifragmentation which have been observed 
with emulsion data, to invest igate the p roper t i e s of 
some approaches based on percolat ion. They have studied 
di f ferent percolat ion models on a cubic l a t t i c e and 
showi t ha t they can ra ther well reproduce the data 
except for binary break \ip. They have discr ibed what 
mean f i e ld approximation would give in t h i s context 
and showed tha t i t cannot reproduce the ejq^erimental 
r e s u l t s . Most of the paper i s focussed on the r e s t r u c -
tured aggregation model introduced e a r l i e r v*iich allows 
to well reproduce the scal ing proper t ies observed 
experimentally. I t i s shown tha t , in some cases, a 
nucleus can break vp in two p ieces . This process can 
not be obtained in conventional percola t ion or aggrega-
t ion but i s observed experimentally in emulsion data. 
Other fea tures l ike the dimensionality of aggregation 
model, the res t ruc tura t ion of the c lu s t e r s and a 
schematic contraint in momentum space have also been 
invest igated. 
137. , MULTIPARTICLE, PRODUCTION,INTERMITTENCY. 
65 
BIALAS(A), PESCHANSKI(R). Intermittency in mult i-
p a r t i c l e production a t high energy. Nuclear Physics* 
B308; 1988 »• B37-&7, 
The authors presents predic t ions of random 
cascading models for mul t ipar t ic le production a t 
high energy. Standard and correlated f ac to r i a l 
moments in rapidi ty are shown to provide s t r ingent 
t e s t s of the intermittency pa t t e rns cha rac t e r i s t i c of 
random cascades. Using the centra l l i m i t theorem 
they show how to t e s t d i rec t ly for the existence of a 
cascading process. F ina l ly , they discuss how to take 
into accotmt s t a t i s t i c a l cor re la t ions . 
138. , MULTIPLE COLLI SI ON-^0 DEL. 
WONG( Chenk-Yin) and LU(Zhong-Bao). Mul t ip le -co l l i s ion 
model for high energy nucleus-nucleus c o l l i s i o n s . 
Physics Review P.* P a r t i c l e Fields* 39, 9 ' 1989, May»' 
2606-16. 
The authors uses a Glauber mul t ip le -co l l i s ion 
model to examine the dynamics of nucleus-nucleus 
co l l i s ions . The model introduces a stopping law vrhich 
describes how a baryon loses energy in a basic basyon-
basyon co l l i s ion and a p a r t i c l e production law which 
r e l a t e s the d i s t r ibu t ion of produced p a r t i c l e s to the 
baryon momentum l o s s . The model gives r e s u l t s which 
compare well with the recent WA80 escperimental data 
of 0 on various t a r g e t s a t 60 and 200 GeV per pro jec-
t i l e nucleon and reveals a h i ^ degree of stopping in 
these high energy nuclear co l l i s ions . 
139. , MULTIPLICITY. 
BURNETT(TH) and DAKE(S). Extremely high m u l t i p l i c i t i e s 
in high energy nucleus-nucleus c o l l i s i o n s . Physical 
Review Letters* 50, 26; 1983, June* 2062-5. 
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Authors observed two unusually h igh-mul t ip l i -
c i ty in te rac t ions of high-energy heavy nuclei in a 
balloon-borne emulsion chamber. The m u l t i p l i c i t i e s 
and rapidi ty d i s t r ibu t ions favour the multichain model 
but not the wounded-nucleon superposition model. The 
high average Pr(550-700 MeV/c) and the rapid i ty f luc-
tuat ions of the events are not readily understood in 
terms of any si;?)erposition models. 
140. , , IMPENDENCE. 
ADA]^ OVICH(MI) AND ZHENG(Py). On the energy and mass 
dependence of the mul t ip l i c i ty in r e l a t i v i s t i c heavy-
ion in t e rac t ions . Modem Physics Le t t e r s A» 5 ,3 ' 1990, 
January* 169-74. 
The average m u l t i p l i c i t i e s of r ingly charged 
r e l a t i v i s t i c p a r t i c l e s in oxygen induced in te rac t ions 
with a nuclear emulsion ta rge t are studied over the 
energy range 2.1-200 AGeV, A similar energy dependence 
as for proton-induced in te rac t ions i s observed. Both 
the number of pa r t i c ipa t ing nucleons and the number of 
binary co l l i s ions are shown to be of importance for the 
p a r t i c l e production. 
141. , , MOMENTS. 
CARRUTHERS(P), EGGERS(HC) and SARCEVIC(Ina). Analysis 
of mul t ip l i c i ty moments for hadronic multi p a r t i c l e 
data. Physics Le t te rs B ; 254, 12i 1991, January; 258-66. 
The authors show tha t rapidi ty bin fac to r ia l 
moments contain a large combinatoric contr ibut ion from 
two p a r t i c l e cor re la t ions . In addit ion, the higher-
order corre la t ions are nonnegligible and increase with 
energy. The analysis i s conpletely general and also 
applies for the case where the moments scale . They find 
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tha t the l inked-pair approximation(LPA) for higher 
corre la t ions i s val id for UA1 and UA5 data, vdth 
coeff ic ients tha t are approximately independent of 
energy and somewhat smaller than forthe negative 
binomial d is t r ibu t ion . 
142. , , SCALING. 
BATSKOVIC(S), KRPIC(D) and SHABEL'SKII(YnM). Scaling 
in the mul t ip l ic i ty in nucleus-nucleus i n t e r a c t i o n s . 
Soviet Journal of Nuclear Physics* 5A, hi 1991, 
October, 883-5. 
The authors have shown tha t scal ing in the 
mul t ip l ic i ty i s observed in nucleus-nucleus in te rac t ion 
a t 4.2 GeV/c per nucleon. The r a t i o s of the inclusive 
dens i t ies in the central region. Pjj(Y)/<P(y)>, are 
equal to the r a t i o s of the m u l t i p l i c i t i e s , n/<n>, for 
various p a i r s of nuc le i . This pehnomena can be used 
to search for col lec t ive e f fec ts , including a qiark-
gluon plasma. 
143. , NEON-Argon, MOMENOUM DISTRIBUTION. 
POITOU(J) and RACCA(C). Charged pion anisotropy in 
r e l a t i v i s t i c nucleus-nucleus co l l i s ions . Nuclear 
Physics A; A 5 3 5 ( 3 - 4 ) » 1992, January; 767-85. 
The authors have measured the momentum d i s t r i -
butions with respect to the reaction plane for charged 
pions emitted in Ne-nucleus and Ar-nucleus co l l i s ions 
with the kn detector Diogene at the Satume synchro ton. 
The react ion plans i s estimated from the baryon momenta, 
using a standard technique for flow analys is . The pions 
exhibi t a non-zero flow. For asymmetric systems, there 
i s p re fe ren t i a l emission in the d i rec t ion of the l i g h t e r 
(p ro jec t i l e ) nucleus. Such a behaviour cont rad ic ts the 
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predic t ions of INC calcula t ions and i s underestimated 
by QMD calculat ions which include mean f i e ld e f fec t s . 
I t can be in terpre ted with a sitqple geometrical model 
in terms of absorption by the spectator nuclear matter . 
144. , NEON-GOLD, FRAGMENT, ANALYSIS, TIME SCALE, 
60 MeV. 
BOUGAllLT(R) and STECRMEYER(JC). Time scale analysis of 
22 
events with three heavy fragments in the Ne+An 
co l l i s ions a t 60 MeV/neuclon. Physics Le t t e r s B ; 232,3» 
1989, December; 291-5. 
Experimental r e s u l t s on the production of two 
or three heavy {Z>_ 10) fragments in the Ne+An c o l l i -
sions a t 60 MeV/n are presented^ the three fragment 
requirement se lec ts large l i n e a r momentum transfer(70%) 
and large exci ta t ion energy(3-5 MeV/u. m. a) for the 
incoplete fusion system. An analysis of the r e l a t i ve 
v e l o c i t i e s and angles in the centre of mass of the 
three fragments shows tha t a sequential process with 
short time span and mutual influence between the two 
binary decay i s favoured. 
145. , NEON-LEAD, FRAGMENT, 400 MeV, SOGMeV. 
BASTID(N) and VALETTE(O). Exclusive measurements of 
l i ^ t fragment production a t forward an&Les in Ne-Pb 
and Ne-NaF co l l i s ions a t E/A=:400 MeV and 800 MeV. 
Nuclear Physics A; A506,(3-4)»' 1990, Janmry# 637-54. 
Emission of l i g h t fragments a t small angles i s 
studied in r e l a t i v i s t i c heavy ion co l l i s ions using the 
Biogene p l a s t i c wall for both symmetrical and non-
symmetrical t a rge t p r o j e c t i l e systems with 40MeV/nucleon 
and 800/nucleon incident neon nucle i . Efficiency of 
mul t ip l ic i ty measurements in the small angle range for 
es 
the select ion of centra l or per ipheral co l l i s ions i s 
confirmed for asymmetric systems. Different ia l 
production cross-section of Zx=1 fragments show evidence 
for the existence of two emitting sources. The apparent 
temperature of each source i s obtained from comparison 
with thermodymamic model. 
146. , NEON-SILVER BROMIDE, FRAOffiNT, INTERACTION 
MEAN FREE PATH, 4.1 GeV. 
BANNIR(BP). Interaction Mean Free Path in Nuclear 
?? 
E^iidsion of Fragments of Ne Nuclei with Momentum 
4.1 Ge V/c and Problem of Anomalons. Ze i t sch r i f t Fur 
Physik A-Atoms and Nuclei; 321 •* 1985*' 249-54. 
In the nuclear emulsions ejqposed to the beam of 
Ne nuclei with momentum of 4.1GeV/c, 6.53 in te rac t ions 
of secondary fragments with the charge 3£Z _<10 were 
recorded. S t a t i s t i c a l analysis of the in t e rac t ion mean 
free paths in nuclear emulsion of these fragments was 
performed. No dependence of the in t e rac t ion mean free 
path on the distance from point of the fragments 
emission was observed. 
147. , , PARTICLE, SIDEWARD FLOW, 
4. IGeV. 
BANNIK(BP), EL-NAGHY(A) and TUVDENBORZH(D). Some 
22 p e c u l a r i t i e s of sideward flow of p a r t i c l e s in Ne 
co l l i s ions with emulsion nuclei a t 4.1A GeV/c. 
Journal of Phvsics Gr Nuclear Physics*' 14f 1988»949-60. 
Analysis of emission of p r o j e c t i l e and t a rge t 
fragments in ^%e+Ag(Br) co l l i s ions a t 4.1A GeV/c i s 
carr ied out to study p e c u l a r i t i e s of p a r t i c l e sideward 
flow. The pos s ib i l i t y of determining the react ion 
plane i s considered. 'Bounce-off of Ne pro;3ect 
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fragment i s observed by inves t igat ing t h e i r project ions 
onto the reaction plane. The angular d i s t r ibu t ion of 
slow fragments has a maximum which i s due to ' s i d e -
splash' studying project ions onto the azimuthat plane, 
data on •sideward flow' are obtained. The increase of 
ranges i s observed for slow fragments emitted in the 
direct ion of the side splash. 
IZ48. , NITROGEN-SILVER BROMIIE, 2.1 GeV. 
CHERNOV(GM), GULMOV(KG), GULYAMOV(UG), NASYROV(SZ) and 
SVECHNIKOVA(LN). In te rac t ions of r e l a t i v i s t i c Nitrogen 
nuclei in an emulsion a t 2.1GeV/nucleon. Nuclear Physics* 
A280; 1977' 478-90. 
An analysis of multiple production induced by 
2.1GeV/n 1^ ions in nuclear emulsion i s presented. 
Mul t ip l ic i ty and angular d i s t r ibu t ions of charged 
secondaries and corre la t ions among them are discussed. 
The presented data are compared with relevant values from 
proton-nucleus in te rac t ions . The possible appearance 
of col lec t ive phenomena in nucleus-nucleus in te rac t ions 
i s discussed. 
149. , NUaEAR EMULSION, PARTICLE PROEUCTION, 
FLUCTUATIONS, INTERMITTENT PATTERN. 
HOLYNSXI(R), JURAK(A) and WOSIEK(B). Evidence for 
intermittent patterns of fluctuations in part ic le 
production in high energy interactions in nuclear 
emulsion. Physical Review Letters* 62,7' 1989,February** 
733-5. 
The authors have used the method of scaled 
factorial moments to study short-range fluctuations in 
the pseudorapidity distributions of par t ic les produced 
in high energy collisions in nuclear emulsion. An 
intermittent behaviour of the fluctuations i s clearly 
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observed in both proton(200 and 800 GeV) and oxygen 
(60, 200 GeV/nucleon) beam in te rac t ions i n emulsion, 
150. , OXYGEN-ALUMINIIM-SILVER, CHARGED-
PARTICLE, MULTIPLICITY, 60 GeV. 
AKESSON(T), ALMEHED(S) and YEPES(P). Charged-particle 
mul t ip l ic i ty d i s t r ibu t ions in oxygen nuclear c o l l i s i o n s 
a t 60 and 200 GeV per nucleon. Nuclear Physicsf B33; 
1990; ^ - 6 5 . 
Mul t ip l ic i ty d i s t r ibu t ions of charged p a r t i c l e s 
produced in the pseudorapidity range 0.9<nng^^<5.5 
were measiored in oxygen-nucleus co l l i s ions for Al,Ag 
and W ta rge t nuclei a t inc ident energies of 60 and 200 
GeV per nucleon. The mul t ip l i c i ty d i f f e ren t i a l c ross-
sections and the pseudo rapidi ty d i s t r ibu t ions as a 
function of transverse energy are presented for the 
various t a rge t nuc le i . The correla t ion between charged 
mul t ip l ic i ty and transverse energy i s studied as a 
function of transverse energy energy. Data are compared 
with predic t ions of the IRIS and FRITIOF generators. 
151. , OXYGEN-CARBON-GOLD, FLUCTUATIONS, 
INTERI^ ITTENCY, 200 GeV. 
ALBRECHT(R), AWES(TC) and YOUNG(GR). Fluctuations and 
intermittency in 200A GeV ''^0+(C,An) react ions . 
Physics Le t te rs B ; 221, 3,4/ 1989, May; 427-31. 
Fluctuations in the pseudo rapid i ty density of 
charged p a r t i c l e s in 0+(C,An) react ions a t 200A GeV 
were analysed with the method of scaled f ac to r i a l moments. 
The extracted moments are propert ional to a power of 
the pseudo rapidi ty bin s ize , which i s consis tent with 
in te rmi t ten t behaviour. The dependence on t a rge t and on 
impact parameters are studied. The f luc tua t ions are 
stronger for systems with fewer p a r t i c i p a t i n g nucleous. 
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152. , OXYGEN-CARBON-HELIUM-SILVER, SHOCK WAVES. 
BAUMGARDT(HG), SCHOTT(JU), SAKAMOTO(Y) and SCHOPPEPI(E). 
Shock waves and Mach Cones i n f a s t nuc leus -nuc leus 
c o l l i s i o n s . Z e i t s c h r i f t Fur Physik ki 273* 1975/359-71. 
Mach shock waves and head shock waves occur dviring 
the i n t e r p e n e t r a t i o n of a l i g h t high e n e r g e t i c nuc leus 
16 1? 4 
with a heavy one c o l l i s i o n s of 0 , C and He ions a t 
ene rg i e s between 0.25 and 21 GeV/N with Ag and Cl n u c l e i 
have been i n v e s t i g a t e d the t h e o r e t i c a l concepts and t h e 
e3q)eriments a re p r e sen t ed and i n t e r p r e t e d . From t h a t a 
v e l o c i t y of f i r s t sound i n n u c l e a r ma t t e r Cs 0 .19c , a 
Mach shock v e l o c i t y v_ 0.58c and a n u c l e a r coraprission 
cons tan t k=300 MeV are deduced. 
153. , OXYGEN-FERROUS, PROJECTILE FRACMENT, 
REACTION MEAN FREE PATH, 2 GeV. 
FRIEaANIER(EM), GIMPE(RW), HECKMAN(HH) and KARANT(YJ) . 
Anamolous r e a c t i o n mean f ree p a t h s of n u c l e a r p r o j e c t i l e 
fragments from heavy ion c o l l i s i o n s a t 2AGeV. 
Phys ica l Review C; 27, 4 ; 1983, Apri l* 1^89-1520. 
They p r e s e n t i n d e t a i l the d e s c r i p t i o n and the 
a n a l y s i s of two independent experiments us ing beams of 
0 and -^ Fe. From t h e i r r e s u l t s i t i s concluded t h a t 
the r e a c t i o n mean f ree p a t h s of r e l a t i v i s t i c p r o j e c t i l e 
fragments, 3£Z_<26, a re s h o r t e r for a few cen t ime te r s a f t e r 
emission then a t l a r g e d i s t a n c e s , where they are compatible 
with va lues p r e d i c t e d from experiments on beam n u c l e i . 
The p r o b a b i l i t y t h a t t h i s e f f e c t i s due to a s t a t i s t i c a l 
f l u c t u a t i o n i s <10 -^. The e f f e c t i s enhanced i n l a t e r 
gene ra t ions of fragments, the c o r r e l a t i o n between succe-
ss ive gene ra t i ons sugges t ing a k ind of " memory" f o r t h e 
anomoly. Various sys temat ic and spur ious e f f e c t s a s wel l 
a s convent ional exp l ana t i ons are d i scussed , mainly on the 
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basis of direct experimental observations internal to 
our data and found not to explain their results. The 
data can be interpreted by the relatively rare occurrence 
of anomolous fragments that interact vdth an unexpectedly 
large cross section. The statistical methods used in 
the analysis of the observations are fully described. 
154. , OXYGENT FRAGMENT, HELIIK, MEAN FREE PATH, 
60 GeV. 
SENGUPTA(K), SINGH(G), RITTER(T) and JAIN(PL). Mean 
free paths of He fragments produced in co l l i s ions of 0 
a t 60 GeV/n. Europhysics Letters* 8 , 1 ; 1989, Jan\iary» 
15-8. 
The authors have observed 505 primary peripheral 
events with one or more He fragments in a t o t a l track 
of 78 meters of the ^"0 beam a t 60 GeV/n, by using the 
along the track scanning technique. By following 831 
r e l a t i v i s t i c . He fragments from per ipheral events, 362 
secondary i ne l a s t i c in te rae t ions have been observed. The 
in te rac t ion mean free paths of the He fragments have been 
found to be independent of the distance from the i r 
production po in t s . 
155. , OXYGEN-GOLD, PION, SIMULATION, 60GeV, 
200 GeV. 
WILSON(JR), MCABEE(TL) and ALDNSO(CT). Simulations of 
dynamic pion production in 60 and 200AGeV co l l i s ions of 
0+ ^'An. Internat ional Journal of Modem Physics A; 
5 ,3 ' 1990, February; 543-58. 
ifi The authors have invest igated co l l i s i ons of 0 
with ^'An a t energies of 60 and 200 GeV/nucleon in the 
laboratory frame. A comparison of hydrodynamic simula-
t i ons , with and without the inclusion of pions shows 
tha t including the pion channel y ie lds r e s u l t s which 
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more closely reproduce the experimental data. They 
show d i rec t comparisons of several predic ted observables 
with experimental measurements made over various pseudo-
rapidi ty ranges. In general they found t h a t v^iile t h e i r 
overal l energy agreement with colorimetry esqjeriments i s 
good, and the i r predicted spat ia l d i s t r i bu t ions are in 
f a i r agreement with experimental data, t he i r model 
produces pions \iMch are too energetic and too few in 
balancing proportions. Their r e s u l t s indica te tha t most 
of the emitted pions emerge from the cooler surface and 
not from the hot dense i n t e r i o r of the hadronic composite. 
156. , OXYGEN-HEAVY ION, WOUNDED NUaEON MODEL. 
BIALAS(A) and MURYN(B). Mul t ip l ic i ty d i s t r ibu t ion in 
central rapidi ty region of nuclear co l l i s i ons and the 
wounded nucleon model. Acta Physica Polonica* B18, 6» 
1987; 591-7. 
Wounded nucleon model i s used to estimate the 
mul t ip l ic i ty d i s t r ibu t ion of charged p a r t i c l e s produced 
in centra l rapidi ty region Y < 0.5 of the co l l i s ions of 
11 ~ 
200 GeV 0 nuclei with heavy t a rge t s . The r e su l t s show 
marked differences with estimates from production of 
quark-gluon plasma, 
157. , OXYGEN-HYDROGEN-SILVER mOMIDE, 2 GeV. 
JAKOBSSON(B) and KULLBERG(R). In te rac t ions of 2 GeV/ 
16 
nucleon 0 with l i g h t and heavy emulsion nuc le i . 
Physica Scripta^ 13# 1976; 327-38. 
Heavy ion in te rac t ions in nuclear emulsions 
induced by 2GeV/nucleon 0 have been studied the 
+56 +175 
react ion cross-sect ions determined are 337 mb, 1007_-y2i 
mb and 2180*^^ mb for in te rac t ions with H CNO and AgBr"85, 
respect ively. Qiergy, angular and transverse momentum 
75 
d i s t r ibu t ions on n o n - r e l a t i v i s t i c protons(E<AOO Mev) 
and He nuclei have been analysed. S t a t i s t i c a l models 
assuming small cor re la t ions among nucleon momenta can 
account for the main p a r t of the emission. The energy 
and transverse momentum d i s t r ibu t ions of protons, 
emitted from l i g h t as well as heavy t a rge t nuclei ind ica te 
tha t in t ranuclear nucleon-nucleon sca t t e r ing i s the most 
important proton emission process . The angular d i s t r i b u -
t ions of both high energy and protons and high energy. 
He nuclei emitted from the ta rge t nucleus dif fer consider-
16 
ably in central and per ipheral 0 AgBr in te rac t ions . 
158. , OXyGEN-LEAD, FRAGMENT, CHARO:, 3.2 TeV. 
GERBIER(G), WILLIAMS(WT), PRICE(PB), GUOXIAO(Ren), and 
VANDERHAEGHECGR). Charges and angular d i s t r i bu t ion of 
f a s t fragments produced in 3.2 TeV 0 co l l i s i ons with 
Pb. Physical Review Letters^ 59, 22i 1987, November* 
2535-8. 
Out of 30000 in te rac t ions of 3.2TeV ''"O nuclei i n 
Pb, authors found tha t no f a s t fragments had a charge 
Z > 8, now with Z > 5.5 had a charge t h a t differed ffom 
an in teger by as mas as l / 3 , and now with Z> 5.5 had an 
angle to the beam >0.8 msad. The cross-sect ion for 
production of a fas t fragment with Z > 8 or a s table 
p a r t i c l e with charge -Pe , •P e or - ^ e i s l e s s than 
240 Mb a t 90% confidence l eve l . Using a measurement 
technique with a pos i t ion resolut ion of 30 Mrad, they 
found the transverse momentxam d i s t r ibu t ions for C, N and 
0 to be Ganssians with width=100 Me V/C, s imilar to those 
16 
measured in p ro jec t i l e fragmentation of 0 a t a factor 
100 lower energy. 
159. , OXYGEN, NUCLEON, CROSS-SECTION, COUEOMB. 
FLEISCHHAUER(R) and SCHEID(W). Coulomb and photo cross-
sections for nucleon emission from r e l a t i v i s t i c 0 
p r o j e c t i l e . Nuclear Physics A; A510,4#1990,April;817-26. 
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Coulomb cross sect ions for nucleon emission 
16 
out of 0 proc)ectiles scat tered with laboratory 
energies of 21, 60 and 200 GeV/nucleon on various 
target nuclei are calculated in f i r s t order pe r tu r -
bation theory by using the corresponding photo-crossr-
sect ions. The photo cross-sect ions are obtained with 
a 1-part icle-1 hole basis in the giant resonance 
region and with the quasi-deutron model i5)to photon 
energies of 140 MeV. Whereas the 2.1 GeV/nucleon 
r e s u l t s agree will with the experimental data p r i n t s , 
60 and 200 GeV/nucleon cross-sect ions are roughly one 
quarter lower than the measured ones, because also 
photons with energies higher than 140 MeV contribute 
a t these incident energies . 
160. , OXYGEN, PARTICLE, CHARGED, MULTIPLICITY, 
60 GeV, 200 GeV. 
AKESSON(T) andYEPES(P). Charged-particle m u l U f l i c i t y -
d i s t r ibu t ions in 03Qrgen-nuclear co l l i s i ons a t 60 and 
200 GeV per nucleon. Nuclear Physics B. p a r t i c l e Physics* 
B333,1' 1990, March; 48-65. 
Mul t ip l ic i ty d i s t r ibu t ions of charged p a r t i c l e s 
produced in the pseudon rapid i ty range 0»9*^n-Lab'^ ^* ^  were 
measured in ojcygen-nuclear co l l i s ions for Al, Ag and W 
ta rge t nuclei a t incident energies of 60 and 200 GeV per 
nucleon. The mul t ip l ic i ty d i f fe ren t ia l cross-sect ions 
and the pseudorapidity d i s t r ibu t ions as a function of 
transverse energy are presented for the various t a rge t 
nucle i . The correla t ion between charged mul t ip l i c i ty 
and transverse energy i s studied as a function of t r an s -
verse energy. Data are con^jared with pred ic t ions of the 
IRIS and FRITIOF generators. 
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161. , OXYGEN, SHOCK WAVES, 2.1 GeV. 
GHOSH(Dipak), RDY(JAyA)? SENGUPTA(Kaushik), DUTTA 
(Anuradha), BASU(Madhumita) and SAEHAN NAHAi 
Correlation among t a rge t fragments production in a 
heavy ion interact ions* search for shock wave 
phenomenon. Canadian Journal of Physics* 64» 1986• 
239-41. 
The authors presents a study of two p a r t i c l e 
inclusive angular cor re la t ions among 'b lack ' and 'g rey ' 
AC 
p a r t i c l e s produced in the in terac t ion 0 nuclei with 
photoemulsions a t 2.1 GeV/nucleon. The ejcperimental 
data have been compared with the Monto Carlo simulated 
values assuming an independent emission. I t has been 
observed tha t there i s some short-range corre la t ion 
among the ta rge t fragments, which may indicate shock 
wave formation. 
162. , -SILCON, 14.5 GeV. 
TANNENBAUM(MJ). Coll isions a t 14.5 GeV per nucleon. 
The study of baryon-rich matter a t high energy. 
Nuclear Physics Ai A488i 1988, November* 555-84. 
The author has performed §3q)eriments with a 
''^ O beam of t o t a l energy 232 GeV and ^ S i beam of t o t a l 
energy 406 GeV. A summary of the experimental r e su l t s 
i s presented. I t i s shown tha t Q and Si nuclei a t 
the incident momentum of 14.5GeV/c per nucleon can be 
substant ia l ly stopped by nucle i . The size of Cu. 
Preliminary r e su l t s on inclusive production of iden t i f i ed 
pions, kaons, protons and lambda p a r t i c l e s are also 
discussed. 
163. , OXYGEN-SILICON, PI^^^^^f fUGMENTS, 
14.5 GeV. /'fr''^^'^ '^^^f^ 
7'8 
HE(YD), PRICE(PB) and WILLIA^ 1 S(WT) . In te rac t ions of 
prooect i le fragments a t 14. 5A GeV: Search for anomalons. 
Physics Le t te r s B ; 252, 3» 1990, December;531-5. 
The charge-loss cdToss-sections a in Pb for 
secondary beams with energy l4.5AGeV are higher by 10%-
30% then expected % in te rpola t ing between values for 
primary beams of 0 and Si. The data are consis tent 
with a two-component model in which 30% of the secondary 
beams are o f f - s t ab i l i t y isotopes with o ^ enhanced by 
25%, possibly via electromagnetic d issocia t ion . I f 
anomalons with o enhenced by a fac tor ^ 5 are produced, 
they must comprise <3% of secondaries. 
164. , OXYGEN-SILICON-SULPHER-SILVER BROMIDE. 
BARBIER(LM) and WOZNIAK(K). Nucleus-nucleus in t e rac t ions 
a t 14.6, 60 and 200 GeV/nucleon. Nuclear Physics A; 
A 498/ 1989, July; 535-9. 
Pa r t i c l e production in central co l l i s i ons of '°0, 
^®Si, ^^S with Ag/Br nuclei a t energies 14.6, 60 and 
200 GeV/nucleon was studied from the ejcposures of nuclear 
emulsion. The authors inves t iga t ions cover three top ics : 
(1) t e s t i n g the s iperposi t ion model for A-A in te rac t ions 
based on hadron- A c o l l i s i o n s , (2) inves t iga t ing the 
app l icab i l i ty of a coherent approach using the Landan 
hydro dynamical model and (3) studying pseudo rapidi ty 
f luc tua t ions . 
165. , OXYGEN-SILVER BROMIDE. 
ARDITO(N), BARONI(G) and WILKIN(C). In te rac t ions of 
60 and 200A GeV ''^0 ions in nuclear emulsion. 
Europhvsics Le t t e r s ; 6 ,2 ; 1988, May; 131-7. 
166. 
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16 A survey of the in te rac t ions of 0 nuclei of 
energies 60 and 200 AGeV in nuclear emulsion i s 
presented. Correlations between p r o j e c t i l e fragments 
and t a rge t evaporation are studied. The electromagnetic 
dissocia t ion of 0, mainly ascribed to absorption in 
the giant-resonance region, i s found to contribute to 
a sizeable fract ion of the cross-sect ion and increases 
with increasing energy. 
BARBIER(LM), FREIER(PS) and WOSIEK(B). Central c o l l i s i o n s 
16 
of 146, 60 and 200 GeV/nucleon 0 nuclei i n nuclear 
emulsion. Physical Review Letters^ 60, 5» 1988, February* 
405-7. 
Central co l l i s ions of ''^0 nuclei with the ''^ '^ Ag 
and ^ B r nuclei in nuclear emulsion a t 146, 60 and 
200 GeV/nucleon are compared with proton-emulsion data 
a t equivalent energies . The m u l t i p l i c i t i e s of produced 
charged secondaries are consistent with the predic t ions 
of Slip erpo s i t ion models. At 200 GeV/nucleon the centra l 
p a r t i c l e psendorapidity density i s 58^2 for those events 
with m u l t i p l i c i t i e s exceeding ^X) p a r t i c l e s . 
167. , , CORRELATION, PION, 2.1 GeV. 
GHOSH(D), ROY(J) and BASU(N). Many pion corre la t ion 
AC 
observed in O-AgBr in te rac t ion a t 2. lGeV/c per nucleon. 
Nuovo Cimentp; 101A, M 1989, January; 129-35. 
The authors present a f i r s t inves t iga t ion of many 
pion corre la t ions and c lus ter ing of higher order among 
the secondaries produced in the in t e rac t ion of r e l a t i v l s -
t i c 0 with AgBr a t 2.1 GeV/c/nucleon by comparing the 
experimental cumulative rapidi ty gap d i s t r ibu t ion with 
those obtained by a Monte Carlo simulation assuming 
uncorrected p a r t i c l e production. A c lear indicat ion of 
higher-order corre la t ion has been observed. 
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168. , , ENERGfY, DISTRIBUTION, 
EIKONOL MODEL. 
GUPTA(SK). Eikonal model descript ion of forward energy-
d i s t r ibu t ion in oxygen-induced react ions a t 60A GeV 
and 200 AGeV. Ze i t schr i f t Fur Physik A-Atoms and Nuclei* 
331, 4; 1988i 457-61. 
The forward energy flow cross-sect ion i s described 
in terms of the project i le-nucleon abrasion probabi l i ty 
which i s calculated in the impact parameter representat ion 
within the framework of the glanber multiple sca t te r ing 
formalism. Real i s t ic nuclear dens i t i es and the nucleon-
nucleon i n e l a s t i c cross-sect ion have been used in the 
calculat ion. The recent WA80 data are in reasonable 
agreement with the calculat ion. A simple re la t ionship 
has been obtained between the abraised nucleons from 
the t a rge t and p ro j ec t i l e and the zero degree energy. 
169. , , FRAGMENTS, MULTIPLY CHARGED, 
PRODUCTION CROSS SECTION. 
KULLBERG(R), KRISTIANSSON(K) , LINEKVIST(B) and 
OTTERLUND(I). Production cross sections of multiply 
charged fragments in heavy ion in te rac t ions a t 150-200 
MeV/nucleon. Nuclear Physics*' A280, 1977** 491-7. 
A t o t a l of 1720 0 emulsion nucleus in te rac t ions 
a t 150-200 MeV/nucleon have been invest igated. Production 
cross section of multiply charged p r o j e c t i l e fragments 
are given. I t i s found tha t the cross-sect ion for the 
production of N, C, B and Be p ro j ec t i l e fragments i n ' '^0-
nucleus in te rac t ions i s s imilar a t 0.2 and 2GeV/nucleon. 
The fragmentation cross-sect ion for Li and He are l a r g e r 
a t 0.2 than a t 2 GeV/nucleon. 
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170. , , HELIIM, EMISSION. 
BJARLE(C). The Breakup of 0 into He: An event-by-
event study of nucleus-nucleus co l l i s ions a t 75, 175 
and 2000 MeV/A. Nuclear Physics* A38I; 1982^ 544-56. 
They present an even-by-event study of the break 
vp of 0 in 0+ emulsion nucleus in t e rac t ions a t 75, 
175 and 2000 GeV/A. The events are categorized according 
to t h e i r m u l t i p l i c i t i e s of p ro j ec t i l e He nuc le i . The 
mul t ip l i c i ty depends on the degree of t a r g e t dest ruct ion. 
Although the fragmentation model describes the gross 
features of inclusive. He spectra an event-by-event 
study reveals deviations from the model. The momentam of 
He nuclei emitted from the p ro j ec t i l e depend on helium 
mul t ip l ic i ty and the break up proper t i es of the t a rge t 
nucleus. The probabi l i ty t h a t the 0 p r o j e c t i l e break 
v;?) into multiple He fragments i s l a rge r a t 75 MeV/A then 
a t 2000 MeV/A. At 75 MeV/A the mean veloci ty of 
p ro j ec t i l e He i s on the average 0.05 below the p r o j e c t i l e 
veloci ty . This recoi l veloci ty depends on the t a rge t 
nucleus destruction also for the most per ipheral co l l i s ions . 
171. , , MULTIPLICITY, 200 GeV. 
ALEXANDROV(YA), ASIMOV(SA) and BASOV(E). M u l t i p l i c i t i e s 
and rapid i ty dens i t ies of 200 AGeV ''^0 in te rac t ions with 
emulsion nucle i . Physics Le t te rs B ; 201,3» 1988 February* 
397-402. 
The authors report on an experiment in \ihich 
emulsion chambers were exposed to a beam of 200AGeV 0 
a t the CERN SPS. Pseudorapidity d i s t r ibu t ions are measured 
with high precis ion. Pse undo rapidi ty dens i t i e s of 140 
p a r t i c l e s per emit rap id i ty corresponding to an energy 
density of about 5GeV/fm^ are observed Pseudorapidity 
density d i s t r ibu t ions and f luctuat ions are found to s a t i s -
f ac to r i ly agree with the Lund Monte Carlo model Fr i t io f , 
82 
al though new and a unknovm sources for f l u c t u a t i o n s 
might s t i l l be p r e s e n t . 
172. , , PARTICLES CHARGED, 
MULTIPLICITY. 
ANTONCHIK(VA), BAKAEV(VA), BELOUSON(AV), BOGDANOV(SD), 
0STR0Ur40V(VJ) and PAVIOVETS(MV). Average secondary-
charged p a r t i c l e m u l t i p l i c i t i e s i n n u c l e a r d i s i n t e g r a -
t i o n s produced by r e l a t i v i s t i c 0 i o n s . Sovie t J o u m a l 
of Nuclear Phys ics / 39, 5* 1984, May; 774-6 . 
The au thors have i n v e s t i g a t e d the m u l t i p l i c i t i e s 
of va r ious secondary charged p a r t i c l e s produced i n 
i n t e r a c t i o n s of r e l a t i v i s t i c 0 ions a t 4 . 5 GeV/c p e r 
nucleon vdth emulsion n u c l e i . The r e s u l t s a re compared 
with da ta on i n t e r a c t i o n s of ' 'H , ^ H , ^He and C n u c l e i 
with emulsion nuc le i a t s i m i l a r p r o j e c t i l e - n u c l e u s 
ene rg i e s p e r nucleon. 
173. , , PROJECTILE FRAQ-IENT, 
HELIUM, EJ5ISSI0N. 
ADAMOVICH(MI) and ZHOU(JC). Product ion of helium(Z='2) 
16 p r o j e c t i l e fragments i n 0-emulsion i n t e r a c t i o n s from 
E / A = 2 t o 200 GeV. Phys ic s Review C; Nuclear Phys ics / 
40, 1; 1989, July; 66-72. 
AC 
The fragmentation of relativistic 0 projectiles 
in nuclear emulsion into projectile fragments of Z ^  2 
has been investigated. Production rates, charge and 
multiplicity distribution of such projectile fragments 
and their dependence on target fragment multiplicities 
have been obtained. The width of the momentum distri-
bution(Z=2) projectile fragments as well as the average 
number of the target fragments is found to decrease with 
increasing He multiplicity. These dependence are, within 
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error of measurement, the same for E / A = 2 . 1 , 14.6, 
60 and 200 GeV and to tha t extent sa t is fy the condition 
of l imi t ing fragmentation. 
174. , , PSEU DO RAPIDITY 
DISTRIBUTION. 
ADAMOVICH(MI) and ZHOU(JC). Limiting fragmentation 
in oxygen induced emulsion in te rac t ions a t 14.6, 60 
and 200 GeV/nucleon. Physics Review Letters^ 62, 24; 
1989, June; 2801-4. 
Pseudorapidity d i s t r ibu t ions of r e l a t i v i s t i c 
singly charged p a r t i c l e s in oxygen-induced emulsion 
in te rac t ions a t 14.6, 60 and 200 GeV/nucleon are 
studied. Limiting fragmentation behaviour i s observed 
in both the t a rge t and p ro j ec t i l e fragmentation regions 
for a central as well as for a minimura-bies sample. 
Comparisons with the FRITIOF model reveal tha t the 
p ic ture of fragmenting strange successfully describes 
the observed data, 
175. , , RECOIL PROTON. 
ADAMOVICH(MI), AGGARWAL(MM) , ARORA(R) and ZHOU(JC). 
Study of reco i l protons in u l t r a - r e l a t i v i s t i c nucleus-
nucleus co l l i s i ons . Physics Le t te rs B; 230(1-2); 1989, 
October; 175-60. 
An invest igat ion of the energy dependence of grey 
prong producing p a r t i c l e s in ''°0+emulsion in te rac t ions 
a t energies from 2.1 to 200A GeV i s reported. Many of 
the features of these p a r t i c l e s , known from hadron 
induced in te rac t ions , are shown to be of importance also 
in heavy ion in t e rac t ions , i s mul t ip l i c i ty and angular 
d i s t r ibu t ions as well as the impact parameter dependence 
are energy independent. Furthermore the angular d i s t r i -
bution seems to be independent of the p r o j e c t i l e and 
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t a rge t masses as well as cent ra l ! ty of the i n t e r ac t ions . 
Both the F r i t i o f and Ramft models f a i l to reproduce t h i s 
general angiilar shap, 
176. , , SECONDARY PARTICLES, 2GeV. 
JUDEKCBarbara). Anomalous behavior of singly charged 
r e l a t i v i s t i c secondary p a r t i c l e s produced in co l l i s ions 
of 0 ions with emulsion nuclei a t 2AGeV. 
Physical Review Ci 34, 3* 1986, September^ 890-3. 
Reactions mean free paths in emulsions of the 
secondary p a r t i c l e s from 0 co l l i s ion show normal 
behavior for the p a r t i c l e s produced with P Sin 9 <200 
MeV/c(0- i s the lab emission angle and P the incident 
momentum per nucleon). For 200f P Sin e< 400 MeV/c, the 
p a r t i c l e s exhibi t shorter mean free paths forthe f i r s t 
few cm from t h e i r or igin than a l a rge r dis tances . 
Conventional explanations of t h i s r e su l t are re;3ected 
a t 99-!-5% confidence l eve l . The data are consis tent 
with the presence of an 696 anomalous component with a 
mean free path of 18 cm primary deutron mean free path 
a t 2.lAGeV, measured for comparison i s 20,7+2.6cm. 
177. , , SHOCK WAVES, SEARCH. 
JAKOBSSON(B), KULLBERG(R) and OTTERLUND(I). Search for 
16 
shock wave phenomena in centra l 0-AgBr in t e rac t ions 
a t 0.2 and 2.0 GeV/nucleon. Nuclear Physics«A276; 1977' 
523-32. 
Angular d i s t r ibu t ions of high energy He nucle i , 
emitted from the ta rge t in central ''°0-AgBr in t e r ac t ions , 
are found to be highly forward-peaked a t 0.2GeV/nucleon 
but almost i so t ropic a t 2GeV/nucleon. The angular d i s t r i -
butions are in qua l i t a t ive agreement with recent shock 
waves ca lcu la t ions . However, author observe no narrow 
peaks e i t h e r in the angular nor in the energy d i s t r i bu -
t ions of He nuclei . 
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178. , OXYGEN-SULPHER, FRAGMENT, HELIUM, 
200 GeV. 
SENGUPTA(K), SINGH(G) and J A I N ( P L ) . On the p roduc t ion 
of helium fragments i n u l t r a r e l a t i v i s t i c heavy ion 
c o l l i s i o n s . Phys ics L e t t e r s B ; 222, 2* 1989,May;301-5. 
P a r t i a l p roduc t ion c ro s s s e c t i o n s of p r o j e c t i l e 
alpha fragments produced i n high energy i n t e r a c t i o n s 
of ''^O and ^^S a t 200 GeV/n and "^ 0^ a t 60 GeV/n, i n 
emulsion are s tud ied . Evidence of m u l t i p l i c i t y s c a l i n g 
of such produced fragments i s p r e s e n t e d i n the energy 
range 2-200 GeV/n for va r ious p r o j e c t i l e s . 
179. , , MULTIPARnaE, PRODUCTION, 
INTERMITTENCY. 
SENGUPTA(K), JAIN(PL), SINGH(G) andKIM(SN). 
I n t e rmi t t ency in m u l t i p a r t i c l e p roduc t ion a t U l t r a -
r e l e t i v i s t i c heavy ion c o l l i s i o n s . Phys ics L e t t e r s B ; 
236, 2 ; 1990, February; 219-23. 
Sealed f a c t o r i a l moments were c a l c u l a t e d for 
m u l t i p l i c i t y d i s t r i b u t i o n s i n the p seudorap id i t y 
i n t e r v a l s of secondary p a r t i c l e s produced by the 
i n t e r a c t i o n s of 0 beams a t 60 and 200 GeV/n, ^^S a t 
200 GeY/n and p ro tons a t 800 GeV/n i n n u c l e a r emulsion. 
The e x t r a c t e d moments e x h i b i t a power law dependence 
on the pseudo r a p i d i t y b in s i z e , which i s c o n s i s t e n t 
with i n t e r m i t t e n t behavior . At a given i n c i d e n t energy, 
the i n t e r m i t t e n c y s t r e n g t h decreases with t h e i n c r e a s e 
i n m u l t i p l i c i t y . 
180. , , PHOTON, OILEPTON. 
KLUBERG(L). P r o p e r t i e s of photons and d i l e p t o n s 
produced i n c o l l i s i o n s a t 60 and 200G€V p e r nucleon. 
Nuclear Phys ics A; kU88i 1988, November; 613-36. 
86 
The author has reviewed the recent experimenta]L 
r e s u l t s obtained on proton-nuon p a i r and J / productJLon 
with incident 50 and 200 GeV per nucleon oxygen and 
sulphar beams. Several features of the data which 
r e s i s t ' n a i r e ' explanations are presented. They coald 
be in the l ine of theore t i ca l predic t ions resu l t ing 
from the qiaark-gluon plasma phase t r a n s i t i o n . 
181. , , 200 GeV. 
AKESSON(T) and YEPES(P). Emulsion study of ''^ O and ^^S 
in te rac t ions a t 200 GeV per nucleon selected by t r a n s -
verse energy. Nuclear Physics B» Pa r t i c l e Physics* 
B342, 2i 1990, October*' 279-301. 
Collisions of ''°0 and ^% a t 200 GeV per nucleon 
in emulsuion and emuslion-tungsten chamber t a r ^ t s were 
tagged by transverse energy and mul t ip l i c i ty t r igge r s 
in the HELIOS appams a t CERN. 575 events covering a 
wide range of transverse energies were located and 
studied in emulsion. Results are reported. The angular 
d i s t r ibu t ion has been measured even by event with a wide 
pseudorapidity coverage, both in emulsion and in the 
HELIDS calorimeters . The t o t a l charged mul t ip l ic i ty and 
the transverse energy per charged p a r t i c l e have been 
obtained as function of the transverse energy and of the 
pseudo rapid i ty . The measured d i s t r ibu t ions are compared 
with the predic t ions of the dual parton model. Assuming 
tha t 59% of Er i s t ransported by charged p a r t i c l e s and 
estimating the energy density by a fu l l transparency 
p ic tu re , a comparison with cosmic say data has also been 
a t t e nested. 
182. , , 200 GeV. 
LONIDN(G). Comprehensive r e su l t s on nucleus-nucleus 
in te rac t ions a t 200GeV per nucleon. Nuclear Physics B, 
Supplement* 16; 1990, August* 413-8. 
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The HELIOS experiment has been designed to 
make as complete a survey as possible of 200 GeV/ 
nucleon 0 and ^ S in te rac t ions with nuc le i . The 
ejcperiment combines 4n calorimetr ic coverage vdth 
measurements in r e s t r i c t e d rapidi ty regions of 
charged p a r t i c l e mul t ip l i c i ty , inclusive iden t i f i ed 
p a r t i c l e d i s t r i bu t ions , protons and low mass mvon 
p a i r s . 
183. , PARTICLES ANALYSIS. 
GERSDOREF(H) and TOZNIAK(K). Single p a r t i c l e and 
multi p a r t i c l e analysis of nucleus-nucleus co l l i s ions 
a t 14,6, 60 and 200 GeV/nucleon. Physics Review C: 
Nuclear Physics*' 39, 4; 1989, April* 1385-94. 
The authors have measured the angles of a l l 
16 
charged secondaries in centra l co l l i s ions of 0 with 
AgBr a t 14.6, 60 and 200 GeV per nucleon. The pseudo-
rapidi ty d i s t r ibu t ions are approximately Gaussian in 
shape. The widths increase monotonically with beam 
energy, but are essen t i a l ly independent of mul t ip l ic i ty 
a t a fixed beam energy. Quanti tat ively, the width are 
consistent with Landon' s hydrodynamical model and 
inconsis tent with a spherical f i r e b a l l model and with 
Bjorken*s hydrodynamical scaling model. There are no 
s t a t i s t i c a l l y s ignif icant corre la t ions in the azimuthal 
angle of the observed charged secondaries. Analysis of 
the two p a r t i c l e pseudorapidity cor re la t ions functions 
and of the pseudo rapid i ty gap d i s t r ibu t ions provide no 
evidence of s ignif icant c lus t e r production. The data 
are consistent with a Monte Carlo simulation based on 
independent emission of the secondary p a r t i c l e s , although 
i n t r i n s i c few p a r t i c l e corre la t ions could be hidden by 
the high mu l t i p l i c i t i e s in these events. 
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184. , , CHARGED, AZIMUTHAL, 
CORRELATIONS. 
BABAEV(A Kh), BENGUS(LE), BONEARENKO(AI), PALUANOV(K) 
and CHERNOV(GM). Azimuthal c o r r e l a t i o n s between charged 
p a r t i c l e s from i n e l a s t i c i n t e r a c t i o n s of r e l a t i v i s t i c 
n u c l e i . Soviet Journa l of Nuclear Physics* 51,2» 1990, 
February; 334-41. 
A systemat ic study i s made of two p a r t i c l e 
azimuthal c o r r e l a t i o n between va r ious secondary p a r t i c l e s 
12 14 from i n e l a s t i c i n t e r a c t i o n s of r e l a t i v i s t i c C, N, 
Ni and ^ ^ e n u c l e i with photoemulsion n u c l e i a t tlie 
e n e r g i e s of the r e l a t i v i s t i c ion a c c e l e r a t o r s a t Dubna 
and Berkeley. I t i s shown t h a t a number of impiricial 
r e g u l a r i t i e s i n the form of the c o r r e l a t i o n bonds between 
r econda r i e s depend on the mass numbers of the c o l l i d i n g 
n u c l e i and the impact parameter of the c o l l i s i o n . The 
observed e f f e c t s a re d i scussed q u a l i t a t i v e l y . 
185. , PHOTOEMULSION, FERRDUS-FEROUS, SEOONDi^ RlES, 
MULTIPLICITY, 1.8 GeV. 
lUmiN(VE), KONALEV(EE) and NEFErX)V(NA). M u l t i p l i c i t i e s 
of secondar ies i n i n t e r a c t i o n s of 1.8GeV/nucleon Fe 
n u c l e i wi th photoemulsion and the cascade evapora t ion 
model. Nuclear Physics*' A509»' 1990i 783-99. 
The au thors have used a nuc l ea r photoemulsion 
method to study the c h a r g e - s t a t e i o n i z a t i o n and angiular 
c h a r a c t e r i s t i c s of secondar ies produced i n i n e l a s t i c 
i n t e r a c t i o n of Fe n u c l e i a t 1.8GeV/nucleon with H, CNO 
and AgBr n u c l e i . The data ob ta ined are compared with 
the r e s u l t s of c a l c u l a t i o n s made i n terms of the Dubna 
ve r s ion of the cascade evapora t ion model(DCM). The DW 
has been shown to s a t i s f a c t o r i l y desc r ibe most of the 
i n t e r a c t i o n c h a r a c t e r i s t i c s f o r two n u c l e i i n the s t u d i e d 
r e a c t i o n s . At the same t ime, q u a n t i t a t i v e d i f f e r e n c e s are 
observed i n some c a s e s . 
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186. , PION-NUCLEUS, 200 GeV. 
ANZON(ZV). Study of i n e l a s t i c Pion-nucleus 
in te rac t ions a t 200 GeV/c in an emulsion. Nuclear 
Physics; B129»" 1977; 205-31. 
Results from a study of n-nucleus in t e rac t ions 
in emulsion a t an incident momentum of 200 GeV/c ai'e 
presented and discussed. Some cha rac t e r i s t i c s of heavy 
and shower p a r t i c l e mii l t ip l ic i ty d i s t r ibu t ions are 
reported and compared vdth the r e su l t s from p-nucleus 
co l l i s ions a t the same momentum. The angular distrib\>-
t ions of shovrer p a r t i c l e s are reported and analyzed in 
de t a i l . I t i s shovm, p a r t i c u l a r l y , t h a t one p a r t i c l e 
d i s t r ibu t ions being p lo t t ed in terms of pseudorapidity, 
have a binomial s t ructure in JTA i n t e r ac t i ons . Also, 
pseudo rapidi ty and azimuthal two p a r t i c l e cor re la t ions 
are invest igated, considerable a t t en t ion has been devoted 
to the exclusion of kinamatical and t r i v i a l cor re la t ions . 
A qua l i t a t ive comparison of the data with predic t ions 
of some model approaches has been performed. 
187. , PROJECTILE-FRAO^ENT. 
BLOOMER(MA), FRIEDLANDER(EM), HECKMAN(HH) and KARAMT(YJ). 
Search for r e l a t i v i s t i c p ro j ec t i l e fragments with charges 
of 4 /3 , 5/3, 7/3 and 8/3. Physics L e t t e r s ; 1383, 5,6; 
1984, Apri l ; 373-6. 
They present the r e s u l t s of 1179 prec ise charge 
measurements carr ied out on 1^ Z<3 p r o j e c t i l e fragment 
nuclei from r e l a t i v i s t i c nucleus-nucleus co l l i s ion in 
nuclear emulsion. They find no evidence for the 
existence of th i rd in tegra l f rac t ional ly charged pro jec-
t i l e fragments, pa r t i cu l a r ly for those with charges 5/3 
and 7 / 3 . 
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188. , PROTON-CARBON-NITRDGEN-OXYGEN-SILVER. 
BAmWY(OE), ABIX)(KM) and TAWFIK(M). I n e l a s t i c 
in te rac t ions of 6.0GeV/c protons vdth C,N,0 and Ag,Br 
nucle i . Acta Physica Academiae Scientiarum Hungaricae, 
Tomus; 43 , (3 .4 ) , 1977»* 269-79. 
I n e l a s t i c in te rac t ions of 60 GeV/c protons wj.th 
l i g h t (C,N,0) and heavy(Ag,Br) emulsion nuclei were; 
separated and c lass i f i ed by the use of two types of 
nuclear emulsion. The average values and the angul.ar 
d i s t r ibu t ions of the emitted showers, reco i l nucleous, 
and evaporated p a r t i c l e s together with the i n t e r co r r e -
l a t i o n between them are thoroughly inves t iga ted both 
for l i g h t (C,N,0) and heavy(Ag,Br) nuc le i . The r e s u l t s 
are compared with the pEedictions of the t r ad i t i ona l 
cascade evaporation model and with i t s version taking 
into account many p a r t i c l e in terac t ion (MPI). 
189. , PROTON-DEUTRON-ALPHA PARTI CLE-CARBON, 
DISTRIBUTION, MULTIPLICITY, 4.2 GeV. 
TUCHOLSKI(A), BOGDANOWICZ( J ) , MOROZ(Z) and WOJTKO¥£!KA( J ) . 
Negative binomial mul t ip l i c i ty d i s t r ibu t ions in the 
1 0 
in te rac t ion of l i gh t ions with C a t 4.2 GeV/c. 
Nuclear Physics A; A493,(3-4); 1989, March; 597-610. 
The mul t ip l ic i ty d i s t r ibu t ion of single-charged 
1? p a r t i c l e s in the in te rac t ion of p ,d ,a and C p r o j e c t i l e s 
with C t a r g e t nuclei a t 4.2 GeV/c were analyzed in terms 
of the negative binomial d i s t r ibu t ion . The experimental 
data obtained by the Dubna Propane Babile chamber Gro^) 
were used. I t i s shown tha t the experimental d i s t r i b u -
t ions are sa t i s f ac to r i ly described by the negative-
binomial d i s t r ibu t ion . Values of the parameters of 
these d i s t r ibu t ions are discussed. 
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190. , PROTON-DEUTRON-ALPHA PARTICLE-NUCLEUS, 
3.6 GeV. 
BARASHENKOV(VS), ZHEREGI(FG), MUSUL'MANBEKOV(Zh), 
PLYUSHCHEV(VA) and SOLOV'EVA(Zl). Comparative analys is 
of i n e l a s t i c in te rac t ions of protons, deutrons and 
a - p a r t i c l e s with nuclei . Soviet Journal ; Nuclear Physics* 
33,A; 1981, April ; 561-3. 
I n e l a s t i c in te rac t ions of protons, deutrons and 
a - p a r t i c l e s with emulsion nuclei a t 3.6 GeV/nucleon are 
analysed within the framework of the cascade evaporation 
model. The model accounts well , within the l i m i t s of 
experimental e r ror , for a l l the pr inc ipa l cha rac t e r i s t i c s 
measured in experiment* in pa r t i cu l a r , i t explains why 
the energy of the g-protons emitted into the rear 
hemisphere i s independent of the emission angle of these 
protons of the mass of the primary p a r t i c l e and of the 
degree of spal la t ion of the t a rge t nucleus. 
191. , , SILVEE BROMIEE. 
BARASHENKOV(VS). Comparative analysis of i n e l a s t i c 
in te rac t ions of protons deutrons and a - p a r t i c l e s with 
nucle i . Soviet Journal Nuclear Physics*' 33,4; 1985, 
Apri l ; 561-3. 
I n e l a s t i c in te rac t ions of protons, deutrons and 
a - p a r t i c l e s with emulsion muclei a t 3.6 GeV/nucleon are 
analyzed within the framework of the cascade-evaporation 
model. The model accounts well within the l i m i t s of 
experimental e r ros , for a l l the pr inc ipa l cha r ac t e r i s t i c s 
measured in e^er iment ; in pa r t i cu l a r , i t explains v^y 
the energy of the g protons emitted in to the rear 
hemisphere i s independent of the emission angle of these 
protons of the mass of the primary p a r t i c l e and of the 
degree of spal la t ion of the t a r g e t nucleus. Some d i s c r i -
pency with experiment manifests i t s e l f only in the d e t a i l s . 
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192. , - ^ ~ , HELIUM-CARBON-TANTALIUM, 
4 .2 GeV. 
ANGELOV(N). M u l t i p l i c i t y of nega t ive secondary-
p a r t i c l e s i n nuc leus -nuc leus c o l l i s i o n s a t momentum 
4.2GeV/c p e r nucleon. Sov ie t Journa l of Nuclear Physics* 
30, hi 1979f December; 824 -8 . 
Experimental da ta are p r e s e n t e d on the m u l t i p l e 
p roduc t ion of jr" mesons i n i n e l a s t i c i n t e r a c t i o n s of 
the r e l a t i v i s t i c n u c l e i p , d, He and C with carbon and 
t an ta l ium n u c l e i a t a primary momentum p e r nucleon 
P =4.2 GeV/c. A comparison i s made between the ejq^eri-
mental da ta on the AA i n t e r a c t i o n and the genera l regu-
l a r i t i e s for i n e l a s t i c pp c o l l i s i o n s . A d e v i a t i o n from 
l i n e a r dependences of the d i s p e r s i o n on the average 
m u l t i p l i c i t y of 7i-mesons i s observed. The A-dependence 
of n~ meson y i e l d i s i n v e s t i g a t e d . 
193. » PROTON-NUaEUS. 
SCHURKRAFT(J). Recent r e s u l t s from HELIDS on p r o t o n -
nucleus and n u c l e u s - n u c l e e r s r e a c t i o n s . Nuclear PhysicsA* 
A498; 1989, J u l y ; 79-92. 
New r e s u l t s from pro ton-nuc leus and n u c l e u s -
nucleus c o l l i s i o n s , ob t a ined with the HELIOS spectix)meter 
a t the CERN Si5)er Proton Synchrotron a re summarized. 
The emphasis w i l l be on a sys temat ic study of g lobal 
event f e a t u r e s ( t r a n s v e r s e , energy, m u l t i p l i c i t y , i n c l u s i v e 
p a r t i c l e spec t ra ) and the search for s i g n a l s ( s o f t p r o t o n s 
and l e p t o n p a i r s ) of t h e quark-gluon plasma. 
194. , , DISTRIBUTION,ANGULAR, SOOGeV. 
ABnJZHAMILOV(A), WOSIEK(B) and WOSNIAK(K). Angular 
d i s t r i b u t i o n s i n p ro ton -nuc leus i n t e r a c t i o n s i n emulsion 
a t 800 GeV. Z e i t s c h r i f t Fur Physik C - P a r t i c l e s and F ie lds* 
40; 1988; 1-11. 
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Data on angular d i s t r ibu t ions of heavily-
ionizing and shower p a r t i c l e s in incoherent proton-
nucleus co l l i s ions in emulsion a t 800 GeV are reported 
and discussed in d e t a i l s . Itependence of angular d i s -
t r ibu t ions on the mass number of a t a rge t nucleus and 
on the mul t ip l ic i ty of charged p a r t i c l e s i s inves t igated. 
The data presented are systematically compared vd-th 
r e su l t s of emulsion experiments a t lower energies and 
with predic t ions of the Lund Monte Carlo model FRITIOF. 
195. , , , MULTIPLICITY. 
KUTSCHERA(M) and \VERNER(K). Negative binomial mul t i -
p l i c i t y d i s t r ibu t ions for proton nucleus co l l i s ions 
from a s t r ing model. Ze i t sch r i f t Fur Physik C-Particles 
and F ie lds ; 45^ 1989'" 41-7. 
Mul t ip l ic i ty d i s t r ibu t ions of charged p a r t i c l e s 
produced in co l l i s ion of u l t r a r e l a t i v i s t i c protons with 
nuclei are studied in s t r ing model. Mul t ip l ic i ty d i s -
t r ibu t ions in proton-nucleus display a negative binomial 
shape. They find tha t the f inal mul t ip l i c i ty d i s t r i -
bution can be esqsressed as a continuous superposition 
of Poisson d i s t r ibu t ions with different mean mul t ip l i -
c i t i e s dNW(N)P(N,n). The Poisson d i s t r ibu t ion represents 
the s t r i ng fragmentation, whereas the weight factor W(N) 
r e f l ec t s the s t r ing mass d i s t r ibu t ion . 
196. , , , _ , 360 GeV. 
BAILLY(JL), BANERJEE(S) and ZOTKIN(SA). Rapidity 
dependence of mul t ip l ic i ty d i s t r ibu t ions in proton-
nucleus co l l i s ions a t 360 GeV/c. Ze i t s ch r i f t Fur PhysikC-
Pa r t i c l e s and Fields*' 40»" 1988; 215-21. 
Mul t ip l ic i ty d i s t r ibu t ions in various rapidi ty 
i n t e rva l s for charged p a r t i c l e s produced in co l l i s ions 
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of 360 GeV/c protons with Aluninium(Al) and Gold(An) 
t a rge t s are presented. The data were analysed separa-
te ly for forward and backward hemisphere. Each d i s t r i -
bution i s well described by a negative binomial d i s t r i -
bution. The experimental d i s t r ibu t ions are compared 
with the predict ions of the multichain model calculated 
by the Monte Carlo program MQ^HA in vftich the i n t r a -
nuclear cascade process i s included and also with the 
Land Monte Carlo FRITIOF. The r e s u l t s of MCMHA reproduce 
quite well the mul t ip l i c i ty d i s t r ibu t ion for various 
rapidi ty i n t e rva l s . 
197. , , AOO GeV. 
BOOS(EG). Invest igat ion of i n e l a s t i c in t e rac t ions of 
400 GeV protons with emulsion nucle i . Nuclear Physics* 
1978; 232-62. 
The basic e3{perimental cha rac t e r i s t i c s of 
incoherent in te rac t ions of 400 GeV protons on emulsion 
nucle i , such as the mul t ip l i c i ty of charged secondaries, 
one-par t ic le d i s t r ibu t ions and two p a r t i c l e cor re la t ions , 
are reported and discussed in de t a i l s . They are compared 
with the r e su l t s of other e3q)eriments on hadron-nucleus 
in te rac t ions a t lower energies. They have shown from 
both the quant i ta t ive and qua l i ta t ive comparison of the 
data presented with pred ic t ions of various model approa-
ches to nuclear production, tha t most of them can not 
explain the complete se t of experimental observations. 
An analysis of the experimental data presented 
gives strong sipport to the idea t ha t the production 
mechanism in high energy hadron-nucleus in t e rac t ions 
has two or multi component character . 
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198. , , FRAGMHJTATION. 
GORICHEV(PA), LOZHKIN(OV) and PERFILOV(NA). A study 
of fragmentation induced by 2-9 ^eV protons. 
Soviet Journal of Nuclear Physics* 5,1» 1967, July* 
19-23. 
All the basic quan t i t i e s (c ross - sec t ions , energy 
spectra , angular d i s t r i bu t ions , charged d i s t r i bu t ions , 
dependence of fragment production probabi l i ty on energy 
t rans fe r to the t a rge t nucleus e t c . ) character iz ing 
the production of Li , Be, B and C fra^nents ft'om Ag and 
Br emulsion nuclei 2- , 3 - , 6- and 9-GeV/protons and of 
Ta and Pb fragments by 9 GeV protons, are determined 
using nuclear emulsion stacks vdth i n t e r ca l a t ed lead 
f o i l s . 
199. , , MOMENTUM, NUaEAR, 
INTERNAL. 
SHOR(A). In ternal nuclear momentum and subthreshold 
ant i proton production i n p-nucleus and nucleus-nucleus 
co l l i s ions . Nuclear Physics A; A514, hi 1990, August* 
717-33. 
The authors inves t iga te subthreshold an t i proton 
production in p-nucleus and nucleus-nucleus co l l i s ions 
in terms of the in te rna l nuclear momentum of the nucleons 
in the co l l id ing nuc le i . They employ a f i r s t co l l i s ion 
model vdiich contains the kinematics of individual NN 
co l l i s ions with the inclusion of i n t e rna l nuclear 
momentum d is t r ibu t ions extracted from data on quasi-
e l a s t i c e lectron sca t te r ing and backward proton produc-
t ion. Calcxilations for subthreshold p a r t i c l e production 
in p-nucleus co l l i s ions show excel lent agreement with 
e3q)erimental data on subthreshold ant i -proton and K"*" 
production in p+Cu co l l i s ions . 
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200. , , MULTIPLICITY, 
COF?RELATIONS, 800 GeV. 
SHIVPURI(RK) and PRASAD(Anusuya). MulUpl ic i ty and 
mul t ip l i c i ty cor re la t ions in 800 GeV proton-emulsion 
nucleus in te rac t ions . Physica Scripta» 39» 1989i 296-
502. 
Escperimental r e s u l t s on the mul t ip l i c i ty d i s t r i -
butions and corre la t ions between various tjrpes of 
secondary p a r t i c l e s are presented for 800 GeV proton 
emulsion nucleus c o l l i s i o n s . The r e s u l t s indicate 
strong corre la t ions between the shower and the grey p 
p a r t i c l e s and an independence of the normalised mul t i -
p l i c i t y with respect to the ta rge t mass. The nimber of 
grey p a r t i c l e s in an in te rac t ion i s found to be the best 
experimental measure of the nimber of in t ranuc lear 
co l l i s ions . 
201. , , MULTIPLICITY, SOOGeV. 
ABnJZHAMILOV(A) and WOZNIAK(K). Mul t ip l ic i ty in proton-
nucleus in te rac t ions in emulsion a t 800 GeV. 
Ze i t schr i f t Fur Phvsik C-Particles and Fields* A0» 1988* 
223-9. 
The authors discussed ejqjerimental data on mult i -
p l i c i t i e s charged p a r t i c l e s of d i f ferent type produced 
in incoherent in te rac t ions of 800 GeV protons with 
emulsion nuclei . The data are compared with the r e s u l t s 
of other experiments on proton-nucleus co l l i s ions a t 
lower energies. I t i s shower t ha t the Lund model 
descr ibes well the data on m u l t i p l i c i t i e s of r e l a t i v i s t i c 
p a r t i c l e s . 
202. , , OXYGEN-SULPHER-PLATINUM, 
PHOTON, PRODUCnON, 200 GeV. 
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AKESSON(T) and YEPES(P). Inclusive photon production 
in pA and AA co l l i s ions a t 200 GeV/nucleon. 
Ze i t sch r i f t Fur Physik C-Particle Fields*' 46,3» 1990; 
369-75. 
Inclusive photon p^ spectra were measured vdth 
200GeV/nucleon proton, ^ 0 and ^^S beams on W and P t . 
t a r g e t s , using a conversion method. The measurement 
of charged peons in the same apparatus allows a 
comparison of the data vdth the esqjected *s from 
hadronic decays(7i*, n , n*, w). In a l l data s e t s , no 
derivat ion from the e3q)ected shape i s observed in the 
range of 0,1<p^<1.5 GeV/c. 
203. , , RAPIDITY DISTRIBUTION, 
200 GeV. 
AKESSON(T) and YEPES(P). Proton d i s t r i bu t ions in the 
ta rge t fragmentation region in proton-nucleus and 
nucleus co l l i s ions a t high energies. Z e i t s h r i f t Fur 
Physik C-Particle Fields* 53, 2* 1992; 183-91. 
The authors present measurement of the rap id i ty 
and transverse momentum d i s t r ibu t ions of the protons 
emitted in S+W, 0T¥ and p+w react ions a t 200 GeV/A 
around. The ta rge t rap id i ty (y=l ) . The rapid i ly density 
r i s e s l inea r ly with the t ransverse energy for a l l three 
systems, but the slope per p+w i s much steeper then for 
0+W and S+W. The rap id i ty density for p+w i s much higher 
than predicted by summing single nucleon-nucleon 
co l l i s ions without any nuclear e f fec t s , indica t ing 
substant ia l resca t te r ing of the produced p a r t i c l e s . The 
pred ic t ions of VENUS3 model, including re sca t t e r ing , show 
reasonable agreement with the data for a l l three systems. 
They do not have evidence for a strong a co l lec t ive flow 
of the outgoing p a r t i c l e s . 
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204. , PRt.TrfL^ OXYGEN-SULPHER-SILVER BROMIDE, 
FACTORIAL MOMENTS. 
HOLYNSKI(R) and WADnrNGTON(CJ). One and two dimen-
sional analysis of the f ac to r i a l moments in 200 GeV/ 
nucleon p , 0 and -^ S i n t e rac t ions vdth Ag and Br 
nucle i . Physics Review Ct Nuclear Physics* 40, 6#1989, 
December; 2449-53« 
Sealed fac to r ia l moments, corrected for the shape 
of the s ingle p a r t i c l e pseudorapidity d i s t r i bu t i on are 
analysed in pseudirapidi ty and in two dimensional sp»ace. 
An in te rmi t t en t , power-low growth of the moments with 
decreasing bin size i s found with two dimensional analysis 
revealing a much stronger ef fect then for one-dimensional 
for nucleus-nucleus data. The in te rmi t t en t pa t t e rns are 
more evident for proton-nucleus than for nucleus-nucleus 
co l l i s i ons , with the heaviest nucleus, ^ S, showing the 
weakest effect . 
205. , PROTON-eXYGEN-SULPHER-SILVER, FACTORIAL 
MOMENT, 200GeV. 
HOLYNSKI(R), JURAK(A) and WOZNIAK(K). One and two 
dimensional analysis of the fac tor ia l moments in 200GeV/ 
nucleon P, 0 and -^  S in t e rac t ions with Ag and Br 
nucle i . Physical Review c; 40, 6» 1^f, December* 
R2449-53. 
The authors have analysed scaled f ac to r i a l moments, 
corrected for the shape of the singpLe-particle pseudo-
rapidi ty d i s t r ibu t ion , in pseudora?)idity and in two 
dimensional(pseudorapidity and azimethal angle) space. 
An in te rmi t t en t , power law growth of the moments with 
decreasing bin size i s found, with two dimensional 
analysis revealing a much stronger ef fect than for one-
dimensional for nucleus-nucleus data. The in te rmi t ten t 
pa t t e rns are more evident for proton-nucleus than for 
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nucleus-nucleus co l l i s i ons , with the heavies t nucleus 
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-^  S, shovdng the weakest effect . 
206. , PRDTON-PION-=A^n, ETSTRIBUTION, 
MULTIPLICITY, SCALING. 
JAIN(PL) and ms(G). Scaling in mul t ip l i c i ty d i s t r i b u -
t ions in hadron-hadron in t e rac t ions a t 2-1000 GeV/N. 
Physical Review Pi 24,7^ 1981, October; 1987-90. 
Th^present the measurement of charged p a r t i c l e s 
mul t ip l ic i ty d i s t r ibu t ions produced by 200, 300, ^ 0 and 
1000 GeV/C proton, 200 and GeV/c pion and 1.85GeV/nucleon 
argon in nuclear emulsion. They find t h a t the secondary 
p a r t i c l e s produced in P-P and (p,7r,Ar)-emulsion co l l i s ions 
sat isfy Koba, Nielsen and Olesen scal ing, 
207. , PROTON-PROTON, CASCADES. 
GEIGER(K) and MULLER(B). Eynamics of proton cascades 
in highly r e l a t i v i s t i c nuclear co l l i s ions . Nuclear 
Physics B; B369, 3» 1992, February/ 600-54. 
The authors present a fully r e l a t i v i s t i c space-
time approach for the simulation of h i^ i ly energetic 
nucleus-nucleus co l l i s ions . The model incorporates the 
idea of the fac tor iza t ion of short range proton-proton 
in te rac t ions and the hadiX)nization process. The nuclear 
co l l i s ions are described by the time evolution of the 
parton d i s t r ibu t ions in phase space according to a r e l a -
t i v i s t i c t ranspor t equation with a co l l i s i on term t h a t 
embodies the s t ructure of parton-parton co l l i s ions and 
associated parton emission processes as calculated in 
the frame wor* of per turbat lve QCD. They have studied 
238 238 A+A co l l i s ions from p+p i^to ^U+ -^U a t centre of 
mass energies of 100 GeV/A and 200 GeV/A. Results for 
the time evolution of parton m u l t i p l i c i t i e s , t ransverse 
energy production, rap id i ty and p^ d i s t r ibu t ion are presented. 
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208. , , DISTRIBUTION, 
MULTIPLICITY. 
KRASZNOVSZKY(S) and WAGNER(l). Universal descript ion 
of i n e l a s t i c and non(sin&Le) dlf f ract ive mul t ip l i c i ty 
d i s t r ibu t ions in pp-co l l i s ions a t 250, 360 and 800 GeV/c. 
Surophysics Letters? 5,5* 1988, May; 395-9. 
The authors propose a d i s t r ibu t ion function for 
mul t ip l ic i ty in accordance with the s toches t ic number 
evolution. This function gives a universal descript ion 
of i n e l a s t i c and non-diffractive mul t ip l i c i ty d i s t r i bu -
t ion in pp co l l i s ions a t 250,360 and 800 GeV/c. The 
negative binomial d i s t r ibu t ion f a i l s in the descript ion 
of i n e l a s t i c data. 
209. , , INTERMITTENCY, 360 GeV. 
SINGH(JB) and KOHLI(JM). Intermittency pa t t e rn s in pp 
co l l i s ions a t 360 GeV/c. Physics Le t t e r s B> 261, (1 ,2) ; 
1991, May; 160-3. 
The authors have observed intermittency in pp 
co l l i ions a t 360 GeV/c and the strength decreases vdth 
the increase in mul t ip l i c i ty . The low mul t ip l i c i ly events 
in pp data(n ^ 8 ) , pp c o l l i s i o n s ( n < 15) a t co l l i de r 
energy and elOTentary in te rac t ion(e e~, Mp) sainples have 
almost the same strength. Most l i k e l y , few sources seem 
to a t lower m u l t i p l i c i t i e s . The intermit tency effect i s 
l o s s in pp data compared to e e data, however i t i s 
f a i r ly strong as compared to nucleus data. The present ly 
used hadronization models EPM, LUND and FRITIOF do not 
produce the r e su l t s fu l ly . 
210. , , MESON, 200 GeV. 
HUFNER(J), KURIHARA(Y) and PIRNER(HJ). Gluon multiple 
sca t te r ing and the t ransverse momentum dependence of J / 
production in nucleus-nucleus col l i s ions .Acta Physics 
Slovaca; 39,5»* 1989* 281-7. "" 
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A j / meson i s mainly formed by gluon fusion for 
200 GeV p .p . co l l i s ions . In react ions vdth nucle i . l!he 
gluons(g) sca t t e r off o ther nucleous(N) before fasing 
to a J / , vrfiich then flow shows an addi t ions transverse 
momentum p-,. F i t t i ng the value of the parameter o N < 
p^ > ^ to describe the gluon multiple sca t t e r ing ef fec t 
i n proton nucleus data, one can reproduce the p^ d i s t r i -
bution of the J / production in 200 GeV/A nucleus-
nucleus co l l i s ions . The orgin of the p^ d i s t r ibu t ion i s 
traced to soft gluon radia t ion . 
211. , , PARTiaE DENSITY, 360 GeV, 
SINGH(JB) and KOHLI(JM). A study of p a r t i c l e dens i t i e s 
in rap id i ty space in pp co l l i s ion a t 360 GeV/C. 
Physics Le t te r s B> 261, 1,2# 1991, May; 155-9. 
In a study of proton-proton in t e rac t ions a t / s = 
26 GeV, the maximum charged and neutra l p a r t i c l e densily 
per selected rapidi ty window i s found to increase 
l i nea r ly with charged p a r t i c l e mul t ip l i c i ty . Events 
with very high local p a r t i c l e density(110 p a r t i c l e s pe r 
uni t rapid i ty in te rva l ) have been observed. A s t a t i s -
t i c a l l y s igni f icant widening of probabi l i ty d i s t r ibu t ion 
P(n n) has been observed for h i ^ e r mia l t ip l ic i t ies for 
small rapid i ty window( YaO. 1 and 0 .5) . Such a behaviour 
s ippor ts the hadronic hadrodynamics intermit tency model. 
212. , PROTON-SILVER BROMIDE, COMPOUND 
MULTIPLICITY. 
JURAK(A) and LINSCHEID(A). Some cha rac t e r i s t i c s of 
compound shower and grey t racks mul t ip l i c i ty d i s t r ibu t ions 
produced in proton emulsion in te rac t ions . Acta Physica 
Polonica;B8, 10; 1977' 875-86. 
Data concerning " compound m u l t i p l i c i t y " consist ing 
of shower and grey t racks produced in proton-emuLsion 
in te rac t ions are presented. Independence of energy for 
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any t a rge t nucleus exc i ta t ion i s found for the 
normalized compound mul t ip l i c i ty d i s t r i b u t i o n , s t a r t -
ing from about 6GeV of primary energy. Data can be 
understood in terms of consecutive co l l i s ion models 
of the incident p a r t i c l e with t a rge t nucleous. 
213- » PROTON-SILVER BROMIDE, 4.5 GeV. 
BANNIK(BP), VOKAL(S), LESKIN(VA), TOLSTOV(KB) and 
SUMBERA(M). I ne l a s t i c in te rac t ions of protons vdth 
photoemulsion nuclei a t 4,5GeV/c. Czecho-slovakian 
Journal of Physics* B31; 1981; 490-98. 
The authors have obtained data on mii l t ip l ic i l^ 
of shower p a r t i c l e s , energy spectrum of f a s t secondary 
protons with(2.5+P»l) GeV average energy and energy 
spectrum of produced charged pions with(640^+50) MeV 
average energy in i n e l a s t i c co l l i s ions of protons with 
photoemulsion nuclei a t 4.5GeV/c. The mu l t i p l i c i l y , 
angular d i s t r ibu t ions and energy of p a r t i c l e s a r i s ing 
from s p l i t t i n g target«nuclei are also detennined. Tl-ie 
proton spectrua i s approximated by the power dependence 
E " with y »1.4+0.1. The d i s t r ibu t ion of protons and 
ji-mesons over r a p i d i t i e s y O . 5 m[CE+p)/(E-p)] have been 
studied. The average mul t ip l i c i ty for secondary p a r t i c l e s 
coincide with the predicted values given by the cascade-
evaporation model. 
214. , , HEAVY ION-SILVER BROMIEE, 
COMPARISON, 4.5 GeV. 
GHOSH(D), SENGUPTA(R), GHOSH(A) and MUKHOPAEHYAY(A). 
Comparative study of proton-emulsion and heavy-ion-
emulsion in te rac t ions a t 4.5 GeV/c per nucleon. Annual of 
Physics; 45, 5'' 1988i 353-61. 
The authors present a comparative study of i n e l a s t i c 
in te rac t ions of proton emulsion, ^^C-emulsion and 
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emulsion a t 4.5 GeV/c per nucleon. The mul t ip l i c i ty 
d i s t r ibu t ion and t h e i r corre la t ions have been studied. 
A strong corre la t ion between <n > and Hy^ i n case of 
T*5g-emulsion and C-emulsion i s observed v^ich i s not 
so in the case of proton-emulsion in te rac t ion . The 
angular d i s t r ibu t ion of the t a rge t fragments in 
emulsion in te rac t ions show massive forward coll imations. 
Ck)H5)arison i s also made in the pseudorapidity d i s t r i b u -
t ions of ^Slg-emulsion, C-emulsion and proton-emulsion 
in te rac t ions . 
215. , PROTON-SILVER, PARTiaE, CHARGED, 
EMISSION, 1.4 GeV. 
BREIVIK(FO), JACOBSEN(T) and SORENSEN(SO). Anisotropic 
and corre la ted emissions of short range charged p a r t i c l e s 
in p Ag/Br react ions a t 1.4 GeV/c incident momentim 
observed in photographic emulsions. Physica Scripta» 
30» 1984; 25-8. 
The authors studied p Ag/Br react ions a t 1.4GeV/C 
incident momentum by means of the emulsion technique. 
A groi?) of short range charged p a r t i c l e s i s observed. 
For the events with one short t rack, a backward and 
t ransversal emission i s seen which probably i s due to 
some very f a s t process. For the events with two short 
t r acks , a back to back emission i s seen, ind ica t ing 
some two body decay, where the t a rge t nucleus possibly 
behaves spectator l i k e . 
216. , PSEUEORAPIDITY EISTRIBaTION, SCALING. 
NAKAMURA(ER) and KUrD(K). New scaling of charged 
p a r t i c l e pseudorapid! 1y d i s t r ibu t ions a t c o l l i d e r 
energies . Ze i t schr i f t Fur Physik C-Part ic les and Fields* 
40; 1988; 81-3. 
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A new scaling form i s proposed for charged 
p a r t i c l e pseudors^jidityCn) d i s t r ibu t ions on the basis 
of scal ing in the mean hypothesis. Their new scaling 
accounts well the recent UAS data of n d i s t r ibu t ions 
in various in te rva l s of charged mul t ip l i c i ty for non-
single diffract ive events a t energies / s = 200 and 900 
GeV. Similar scaling of inclusive n d i s t r i bu t ions in 
theore t i ca l ly derived and the va l id i ty of t h i s scal ing 
i s assured i n comparison with the data of ISR and 
co l l ide r energies. 
217. , PSEUDOPUPIDITY; INTERVAL, MULnPARTiaE 
PRODUCTION. 
CHAUrHJRI(AK). Geometric model descript ion of mu l t i p l i -
c i ty d i s t r ibu t ions in l imi ted pseudorapidity i n t e rva l s 
for nucleus co l l i s i ons . Nuclear Physics A; A515, ^» 
1990, September* 756-46. 
Mul t ipar t ic les production in l imi ted pseudo-
rapidi ty in t e rva l s for nucleus-nucleus co l l i s i ons have 
been studied in geometrical model. I t has been shotvn 
t h a t in the energy range 60-200 GeV/nucleon the dat^a 
can be well described by the model. I t has also been 
shown tha t three and four p a r t i c l e cor re la t ions are 
negl igible in t h i s energy range. Two p a r t i c l e cor re la -
t ion s trengths have been estimated to be of the order 
of 0 .2 . The author has shown tha t i f the nucleon-
nucleon mul t ip l ic i ty d i s t r ibu t ions obey the negative 
bionomial law, than in the geometric model, a l i n e a r 
r e la t ion e x i s t s between the second moment of the nucleus-
nucleus d i s t r ibu t ions and the parameter l /k of the 
negative binomial d i s t r i bu t i ons . The esgjerimental data 
indeed show such a re la t ionship . 
218. , , SCALING, PSEUDORAPIDITY 
DISTRIBUTION, 0 .9 TeV. 
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ALNER(GJ) and YAMmGNI(N). Scaling of pseudorapidi.ty 
d i s t r ibu t ions a t cm. energies upto 0,9 TeV. 
Ze i t schr i f t Fur Physik C-Part icles and Fields* 33» 
1986; 1-6. 
New data are presented on charged p a r t i c l e 
pseudorapidity d i s t r ibu t ions for i n e l a s t i c events 
produced a t cm. energies / s « 200 and 900 GeV in the 
study of hadron-hadron co l l i s ions . The data were 
obtained a t CERN antipro ton-pro ton c o l l i d e r operate? d 
in a new pulsed mode. The r i s e of cen t ra l density (0) 
a t energies i?3to / s = 900 GeV has been studied. A new 
form of central region scal ing i s found involving the 
density Pn(o) for charged mul t ip l i c i ty n , namely tha t 
the scaled central density Pn(o)/P(o) expressed as a 
function of Z=n/<n> i s independent of S, Scaling in 
the fragmentation region holds to 10.20% and the small 
amount of scale breaking observed here could be accomo-
dated within the framework suggested by Wdowcyk and 
Wolfendale to account for both accelera tor and cosmic 
say data. 
219. , QUARK-GLUON PLA31A, SEARCH. 
ROMANO(G). Summary of emulsion data on high energy 
nucleus-nucleus in t e rac t ions . Nuclear Physics A;A498» 
1989, July; 289-99. 
Results from experiments on high energy nucleus-
nucleus co l l i s ions in both nuclear emulsion and so l id -
s ta te nucleus track detectors are reviewed. In p a r t i -
cular , c r i t e r i a for the e f f i c i en t r e la t ion of centi'al 
events and researches for s ignals of the possible 
formation of a quark gluon plasma are discussed. 
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220. , ^ , 3.2 TeV. 
JAIN(PL), SENGUPTA(K), and SINGH(G). Search for 
Quark-GliK)n plasma in nucleus-nucleus co l l i s ions a t 
3.2TeV. Physical Review Le t t e r s ; 59, 22f 1987, 
November, 2531-4. 
The authors present r e s u l t s from measurement of 
a l l the shower p a r t i c l e s produced i n 191 nearly cent ra l 
in te rac t ions of a 200 GeV/nucleon 0 beam with nuclear 
emulsion. The lower l i m i t of the average energy densiiy 
for the events with mul t ip l i c i ty n^ > 200 i s <E> _ IGeV/ 
fm^. 
221. , QUARK MATTER DROPLETS. 
SEIBERT(David). Quark-Matter Droplets i n high energy 
nuclear co l l i s ions . Physical Review Let ters* 63» 2» 
1989, Ju ly ; 136-6. 
The author explains " in termit tency" in recent 
data, using a simple model in which pions are emitted 
from quark-gluon plasma droplets . He f inds tha t 
droplets with a tentperature near the QCD. phase-
t r a n s i t i o n temperature t h a t emit 10-15 pions , with a 
droplet volume of 5-10 fm^, reproduce the observation 
very well. 
222. , RAPIIETY, EISTRIHJTION. 
YAFEI (Shi ) , PENGFEI (Zhuang) and LIANSHOU (Lin). Rapi(±Lty 
d i s t r ibu t ions in high energy nucleus-nucleus c o l l i s i o n s . 
Physics Review D. P a r t i c l e Fields* 41 , i ; 1990, Jamuary; 
The rapidi ty d i s t r ibu t ions of shower p a r t i c l e s in 
high energy-nucleus-nucleus co l l i s ions are invest igated 
and compared with tha t in hadron-hadron and hadron-
nucleus co l l i s ions . The remaricable difference in the 
223. 
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corre la t ion between rapid i ty d i s t r ibu t ion and mul t i -
p l i c i t y in the three casest as well as the scaling 
of r ap id i ty d i s t r ibu t ion in the ta rge t region and the 
non-scaling of the same d i s t r ibu t ion in centra l region, 
are e:5q)lained. 
BIALAS(A) and PESCHANSKI(R). Moments of rap id i ty 
d i s t r ibu t ions as a measure of short-range f luc tua t ions 
in high energy c o l l i s i o n s . Nuclear Physics* B 273»1986» 
703-18. 
The authors have proposed to study the dependence 
of f ac to r i a l moments of the rapid i ty d i s t r i bu t i on on 
the size 6y of the resolut ion. I t i s shown tha t i f tibie 
f luctuat ions are purely s t a t i s t i c a l no var ia t ion of 
moments 6y i s e3q)ected and thus observation of such a 
var ia t ion ind ica tes the presence of genuine f luctua-
t ions of physical or ig in . The region in viiich the 
change occiars corresponds to the size ( in rapidi ty) of 
the observed f luc tuat ions . Intennettency i . e . f luctua-
t ions of many different s izes would show iqp as a power-
law behaviour of moments on 6y. A good experimental 
resolut ion can be obtained from the r ap id i ty d i s t r i b u -
t ion of high mul t ip l i c i ty events. 
224. , REGGEON THEORY. 
BORESKOV(KG). Nucleus-nucleus in te rac t ions in Reggeon 
theory. Nuclear Physics B, Sipplement* 16» 1990, August* 
399-400. 
A short resume of calcula t ions of e l a s t i c sca t t e r ing 
and multiple production cross-sect ions in nucleus-nucleus 
in te rac t ions i s presented consideration i s based on the 
Glanber approach and i t s general izat ion taking in to 
account Reggeon-Reggeon in te rac t ions . 
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225. » SECONDARY PARTICLES. 
BAKAEV(VA), BOGDANOVC SD) , rUEKIN(VE) and STEPNOV(VD). 
Secondary p a r t i c l e s in i n e l a s t i c i n t e rac t ions of nuclei 
with nuclei a t energies 0.1-1 GeV/nudeon. 
Soviet Journal of Nuclear Physics* 28,4; 1978, October* 
4A8-52. 
The authors jus t i f i es the validity of use of the 
cascade-disintegration model for description of 
inelast ic nucleus-nucleus interactions at high energies 
con5)arison of theoretical values vdth ejcperimental data 
and also with results of studies by others peroaits the 
conclusion that i t i s possible to calculate differential 
cross-sections for the yield of secondary par t ic les in 
inelas t ic nucleus-ngicleus coll isions. The e^qperimental 
data satisfactorily confirm and sipplement the calculated 
events. 
226. , SECONDARY PROTON, POLARIZATION, ANGULAR 
DEPENDENCE, 
ZYBALOV(AA), lEREBCHINSKII(AI), KONOVALOV(OG), BRATASHE-
VSKII(AS), NAZYRDV(VR), TENISHEV(AE) and TONAPETYANCSG). 
Angular dependences of the polar iza t ion of secondary 
protons from the P — ir* P reaction a t photon energies 
of 650 and 700 MeV. Soviet Journal of Nuclear Physics*' 
28, M 1978, July; 52-3. 
The polar iza t ions of protons from P — TT'P 
react ions are measured for photon energies of 650 and 
700 MeV and pion emission angles from 80 to 140**. The 
r e s u l t s are compared with the predic t ions of various 
•ttieoretical analysis . 
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227. , SILICON-ALUMINIUM-COPPER-LEAD, ENERGY-
FLOW, 14.6 GeV. 
BARRETTE(J) and WOLFE(D). Energy flow and stopping 
in r e l a t i v i s t i c heavy ion co l l i s ions a t E, /A =14.6) 
GeV. Physical Review Le t t e r s ; 64, 11» 1990, March; 
1219-22. 
Col l is ions of ^S i+Al , Cu, Pb a t E^g^/A=l4.6CJeV 
were studied in a calorimetry-based experiment a t the 
BNL Alternating Gradient Synchrotron. Transverse 
energy production was measured for pseudorapidi t ies -
0.5<n < 0 .8 . Correlations with the spectra and mijlti-
p l i c i t y of neutrons and protons emitted in to a for&ard 
0.8* come demonstrate quant i ta t ive ly the la rge amount 
of nuclear stopping observed in these reac t ions . 
Calculations in hadronic-f i re ba l l or nucleon-nucleon 
based models under p red ic t the measured t ransverse-
energy production for Si+Pb and indicate the need to 
include re sca t ter ing of recondaices and/or contribi*-
t ions from targe t fragmentation. 
228. , , RAPIDITY DISTRIBUTION, 
NUCLEON. 
BARRETTE(J) and ZHANG(Y). Forward baryons i n r e l a t i -
v i s t i c nucleus-nucleus c o l l i s i o n s . Physics Review C; 
Nioclear Physics* 45, 2f 1992, February; 819-32. 
The authors present the rapid i ty and transverse 
momentum d is t r ibu t ions of protons and neutrons from 
co l l i s ions between 14.6 GeV/nucleon beams of Si and 
t a rge t s of Al, Cu and Pb. The data were measured in 
the forward spectrometer/ target calorimeter detector 
of E814 apparatus. The r e s u l t s indicate the existence 
of two d i s t i n c t domains, one of them beam rapid i ty 
p ro j ec t i l e l ike nucleons and the second of pa r t i c ipan t 
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nucleons. From the former, the in-medium i n e l a s t i c 
nucleon-nucleon cross section i s deduced. I t i s found 
to agree within 10% vdth the free value of 30 mb 
although under present conditions. One of the tvro 
col l id ing nucleon has been strock before vdth a high 
probabi l i ty . They compare vdth the present data the 
predic t ion of a fragmentation model as well as of models 
dealing e35)licitly with the heavy ion co l l i s i ons and 
p a r t i c l e creation and emission. 
229. , SILICON, 14.5 
ABBOTT(T), AKIBA(Y) and ZAJC(W). Results from the BNL 
E802 spectrometer for 14.5 GeV/c per nucleon s i l i con 
beams. Nuclear Physics A; A498; 1989, Ju ly ; 67-78. 
The authors present selected r e s u l t s of measure-
ments of inclusive ii, k, proton and deutron spectra 
from 14. 5AGeV/c Si co l l i s i ons with various t a rge t s . 
Results of neutral energy and charged p a r t i c l e dN/dn 
measurements are also discussed. Large K to n r a t i o s 
are observed in Si+An co l l i s ions . Results are compared 
to liie Lund-Fritiof model. 
230. , SILICON-LEAr>-OOPPER, PROJECTILE FRAGJffiNT, 
14.5 GeV. 
PRICE(PB) and HE(YB). Behaviour of nuclear p ro j ec t i l e 
fragments produced in co l l i s ions of 14.5 AGeV "^Si with 
Pb and Cu t a r t e t s . Physical Review C;43« 2# 1991, 
February* 835-48. 
The authors have studied the behaviour of pro jec-
t i l e fragments vdth charges 8£ Zpf 12 produced in 
co l l i s ions of 14.5 AGeV ^^Si nuclei with Pb and Cu 
t a r g e t s , using CR-39 nuclear t rack de tec te r s and an 
automated scanning system. Both nuclear and e l e c t r o -
magnetic spal la t ion contribute to fragmentation of beam 
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nuclei i n Pb and Cu. The t o t a l charge-changing cross-
sections of nuclear p r o j e c t i l e fragments with 9lZpj<13 
in t e rac t ing in Pb are foimd to be enhenced by 10 to 30% 
re l a t i ve to charge-changing cross sect ions of stable 
nucl ides. The enhancement occurs primari ly in i n t e r a c -
t ions with large lo s s of charge. In Cu the charge-
changing cross-sect ions of secondaries show no s i g n i f i -
cant excess. The mean free path of secondary fragments 
shows no dependence on the distance from the point of 
or ig in . This r e su l t ru les out a t 95% confidence leve l 
the production of nuclear fragments with in t e rac t ion 
cross sect ions enhanced by a large fac tor as con^jectial 
by some workers, but the r e su l t i s consistent with a 
two component model in which 30% of secondary beams 
are o f f - s t a b i l i t y isotopes with t o t a l cross-sect ions 
enhanced by or 25%. 
231. , SILICON-SILICON, 4.5 GeV. 
KOZLOV(MG) and PORSEV(SG). I n e l a s t i c i n t e r ac t i ons of 
s i l icon nuclei with nuclear emulsion a t 4.5A GeV/c. 
Soviet Journal of Nuclear Physics* 51,4; 1990, April* 
669-74. 
The authors present the r e su l t s of s tudies of 
i n e l a s t i c co l l i s ions of s i l i con nuclei with nucle i of 
nuclear emulsion a t the momentum 4.5A GeV. The mul t i -
p l i c i t y d i s t r ibu t ions of various types of p a r t i c l e s 
characterized by dif ferent k ine t ic energies are s tudied. 
I t i s shown that the increase of the atomic weight of 
the incident nucleus from 22 to 28 has p r a c t i c a l l y no 
ef fec t on these d i s t r ibu t ion but i t does lead to a 
s igni f icant decrease in the fract ion of cent ra l i n t e r a -
ct ion. I t i s observed tha t these p a r t i c l e s i^iich have 
s imilar pseudorapidi t ies , tend also to be emitted a t 
close angles in the azimuthal plane. 
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232. , , HELIUM FRAC3^ ENTS, 
CROSS SECTION, 14.5 AGeV. 
SINGH(G), I£MAIL(AZM), and JAIN(PL). Charac ter i s t ics 
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of helivan fragments produced in Si emulsion inter 'ac-
t ions a t 14.5 AGeV. Physical Review C; 43,5* 1991, 
May; 2417-21. 
The authors repor t the measurements on p a r t i a l 
production cross-sect ions of the multiple helium frag-
ments emitted in the in t e rac t ions of Si ions a t 14.5A 
GeV in nuclear emulsion. In terac t ion mean fre paths of 
heliim fragments have been invest igated on the basis of 
helium mul t ip l ic i ty and size of the t a r g e t nucleus as 
a function of the distance from t h e i r production po in t s . 
Mul t ip l ic i ty scaling in the produced helium fragment i s 
also observed. 
233. » INTERMITTENCY, 14.6 GeV. 
JAIN(PL) and SINGH(G). Invest igat ion of intermlt tency 
28 in Si-nucleus co l l i s ions a t 14.6A GeV. Modem Physics 
Le t t e r s A; 7 ,2 ; 1992, January; 93-101. 
Scaled fac to r ia l moments are computed for the 
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mul t ip l i c i ty d i s t r ibu t ion of the Si-emulsion i n t e r a c -
t ions a t 14.6 AGeV in one and two dimensional phase 
spaces. An Intermittency power law i s observed for the 
central c o l l i s i o n s . The observations are found to be 
dif ferent in higher dimensions and they are compared 
with the other heavy ion p r o j e c t i l e . 
234. , SILVER-DEUTRDN, NUaEI, DISINTEGRATION. 
BOGDANOV(VG), PERFILOV(NA), PLYOSHCHEV(VA) and 
SOLOV'EVA(ZI). The Mechanism of complete d i s in tegra t ion 
of Ag/Br nuclei by r e l a t i v i s t i c l i g h t nuc le i . Soviet 
Journal Nuclear Physics; 38, 6; 1983, December; 909-16. 
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They present and discuss e:>5)eriH»ental data on 
the con5)lete d is in tegra t ion of nuclei of the heavy 
component of nuclear emulsion by deutrons, a - p a r t i c l e s 
and ^^C nuclei vdth momentum about 4.5GeV/c per nucleon. 
These data are systematically compared with the charac-
t e r i s t i c s of in te rac t ions with l a rge r impact parameter 
and with the predic t ions of several models. 
235. , SILVER-FERROUS, MEAN-FREE-PATH, EFFECT, 
1.7 GeV. 
DRECHSEL(H), BRECHTMANN(C), HEINRICH(W) and DREUTE(J). 
Search for Anomalous Fragments produced in co l l i s ions 
with Heavy Target Nuclei and in 2=1 Peripheral I n t e r ac -
t ions . Physical Review Let ters* 55, 12» 1985» September* 
1258-61. 
They exposed a stack of CR 39 track de tee te rs 
containing Ag fo i l s to a 1.7 GeV/nucleon ^ ^ e beam and 
invest igated the anomalous mean free path e f fec t . 
Neither the ^ o l e se t of 7517 nor a subset of 2542 i n -
t e rac t ing fragments produced probably in the Ag t a rge t 
show an ef fec t . By combining the data of t h i s and an 
e a r l i e r experiment they can also exclude an effect for 
3219 in te rac t ing fragments produced in Z=1 co l l i s ions . 
236. , SULPHER, DISSOCIATION, ELECTROMAGNETIC. 
SINGH(G), SENGUPTA(K) and JAIN (PL). Electromagnetic 
dissocia t ion of -'^  S a t u l t r a r e l a t i v i s t i c energy in 
nuclear emulsion. Physical Review C* 41,3» 1990,March* 
999-1004. 
Electromagnetic d issocia t ion of 200 GeV/nucleon 
^ S p r o j e c t i l e s has been invest igated in nuclear emulsion. 
I t cons t i tu tes about 15% of the t o t a l number of events 
observed. The production cross-sect ion for the e l e c t r o -
magnetic process has been found to increase with the 
16 pro;)ectile charge when compared with t h a t of the 0 beam 
114 
a t the same energy per nucleon. 
237. , , ENERGY, TRANSVERSE, 
200GeV. 
ZHONGDAO(Lu) and BENHAO(Sa). Transverse energy 
d i s t r ibu t ion for react ion ' S+ nucleus a t 200AG€V. 
Chinese Physics Letters* 7, 4 ' 1990» 170-3. 
By using a multiple co l l i s ion model the t ransverse 
energy d i s t r ibu t ions in react ions of ^^S+ nucleus a t 
200 AGeV are calculated. The geometry e f fec t s both for 
p r o j e c t i l e and ta rge t are discussed. 
238. , SULPHER-GOLD-SILVER BROMIDE, RAPIDITY-
EENSITY, 200 GeV. 
ADAMOVICH(MI) and ZHOU(JC). Rapidity dens i t i e s and 
t h e i r f luctuat ions in cent ra l 200 AGeV -^^S i n t e rac t ions 
with An and Ag,Br nuc le i . Physics Le t t e r s B* 227, 2» 
1989, August; 285-90. 
The authors have measured the pseudorapidi ty-
density d i s t r ibu t ions of shower p a r t i c l e s ( n ) i n cent ra l 
s 
i n e l a s t i c S+An and S+Ag, Br i n t e r ac t i ons . The extracted 
maximum energy dens i t i e s , while being higher for An than 
for Ag, Br in t e rac t ions , were found to be s imi lar to 
those obtained for oxygen emulsion in t e r ac t ions . The 
corre la t ion between rap id i ty density and shower p a r t i c l e 
mul t ip l i c i ty shows a small deviation from the Lund Model 
F r i t i o f for the heighest energy dens i t i e s in S+An 
in t e rac t ions , whereas the bulk of the data y ie lds s a t i s -
factory agreement. 
239. , SULPHER-OXYGEN-GOLD, RADIAL FLOW, 200GeV. 
RENPORDT(R). Search for rad ia l flow in cent ra l 200GeV/ 
nucleon ^^S+^^S and ''^ O+A 
A498f 1989, July; 385-90. 
qj c o l l i s i o n s . Nuclear PhysicsA; 
115 
Streamer Chamber data from centra l 200 GeV/nucleon 
^^S+^% and 0-fAm co l l i s ions are analysed in terms of 
model incorporating a thermal f i r eba l l and a svper 
imposed rad ia l flow. The transverse momentum spectra 
around midrapidity of pions and protons of the two 
systems are coii5)ared to the model p red ic t ions . A f a i r l y 
good overa l l agreement can be observed using a r ad ia l 
flow veloci ty of 0.78C and a temperature of 100 MeV. A 
similar ly good agreement using the same parameters i s 
found in p+p co l l i s ions a t the same energy. In d e t a i l , 
however, the pionspectra deviate a t low and h i ^ p^ from 
the pred ic t ions of the proton d i s t r ibu t ions are f i t t e d 
simultaneo usly. 
240, , S^iLPHCR -oxy^ fr^ JNTERMITTENCY. 
JAIN(PL) and SINGH(G), Intermittency i n r e l a t i v i s t i c 
heavy-ion co l l i s ions . Ze i t sch r i f t Fur Phvsik C-Particle 
F ie lds ; 53, 3» 1992; 335-60. 
Corrected scaled f ac to r i a l moments are calculated 
for the mul t ip l ic i ty d i s t r ibu t ions of shower p a r t i c l e s 
in di f ferent phase spaces. An intermit tency power law 
i s observed in the centra l co l l i s i ons of ^^S and ''°0 a t 
200 AGeV, ''^0 a t 60 AGeV and ^ S i a t 14.5 AGeV in nuclear 
emulsion. 
241. ^, , PARTICLE, CHARGED, MULTIPLICITY. 
SENGUPTA(K), SINGH(G) and J A I N ( P L ) . Charac te r i s t ics of 
centra l and minimum bias events in u l t r a - r e l a t i v i s t i c 
heavy-ion co l l i s ions . Modem Physics Le t t e r s A* 5,4; 
1990, February; 285-96. 
The authors report eh analysis of mul t ip l i c i ty 
d i s t r ibu t ions of charged p a r t i c l e s produced i n centra l 
and minimum-bias in t e rac t ions of ^^S ions a t 200GeV pe r 
16 
nucleon and '°0 ions a t 200 and 60GeV/nucleon with nuclei 
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of emijlsion. The minimum bias events exhib i t scaling 
i n normalized mul t ip l ic i ty d i s t r ibu t ion vAiile the central 
events do not . The pseudorapidity d i s t r i bu t ions in 
minimum bias events show l imi t ing fragmentation in the 
t a rge t region. They have also analyzed the forward-
backward mul t ip l ic i ty cor re la t ions using the concept of 
'mutual information*. 
242. , , SCALING, 200 GeV. 
JAIN(PL), SENGUPTA(K), SINGH(G) and ISMAIL(AZM). 
Observation of scaling in nucleus-nucleus in te rac t ions 
a t u l t r a - r e l a t i v i s t i c energies . Physics Le t t e r s B; 235, 
(3-4) ; 1990, February; 351-5. 
The minimum bias events produced by in te rac t ion 
of ^^S ions a t 200 GeV/nucleon and ''^0 ions a t 200 GeV/ 
nucleon and 60 GeV/nucleon with emulsion t a rge t ekhibi t 
scaling not only in mul t ip l i c i ty d i s t r i bu t ions of the 
produced p a r t i c l e s but also in t b e i r pse undo rapidi ty 
d i s t r ibu t ion in the t a rge t ( fo r a l l p r o j e c t i l e s ) as well 
as in the p ro j ec t i l e r e s t frames(for ''°0 p r o j e c t i l e s ) . 
16 Similar scal ing are also seen in centra l events of 0 
beams in t h e i r corresponding pseudo rap id i ty d i s t r i b u t i o n s . 
The data agree well with the predic t ion of the Lund model. 
243. , SULPHER-OXYGEN-SILVER BROMIEE, HELIUM-
FRAGMENT, INTERACTION-MEAN FREE PATH. 
SING(G), SENGUPTA(K) and JAIN(PL). In te rac t ion mean 
free paths of He fragments from u l t r a high energy nucleus-
nucleus co l l i s ions in emulsion. Physics Le t t e r s B ; 214, 
3; 1988, November* 480-82. 
The authors have invest igated the in t e rac t ion mean 
free paths of He.-fragments produced by the co l l i s ions of 
^^S and ''^ O a t 200 GeV/n in nuclear emulsion. 901 He 
fragments giving r i se to 374 secondary in t e rac t ions have 
117 
been used In the present analys is . Within the present 
s t a t i s t i c s , they do not observe any anomalous behavJ-our 
In the mean free paths of He fragments. The In t e rac -
t ion mean free paths are found to be independent of the 
p r o j e c t i l e mass and the iii5)act parameter of co l l i s i on 
a t the highest avai lable beam energies . 
244. ,s.VLefiLR-bAy&€N, PSEUDORAPIDITY INTERVAI.S, 
MULnPLICITY DISTRIBUTION. 
SINGH(G), SENGUPTA(K) and JAIN(PL). Mul t ip l ic i ty 
52 d i s t r ibu t ions in pseudorapidity i n t e r v a l s vdth -^  S a t 
200 GeV/nucleon and 0 a t 200 and 60GeV/nucleon. 
Physical Review Letters* 61 , 9* 1988, Atagust; 1073-6. 
The authors present r e s u l t s of t h e i r systematic 
s tudies of charged-shower p a r t i c l e m u l t i p l i c i t i e s and 
t h e i r dependence on pseudo rapidi ty i n t e r v a l s for nearly 
cent ra l events produced by ^% a t 200 GeV/nucleon and 
16 0 a t 200 and 60GeV/nucleon in nuclear emulsion. An 
increase in the p a r t i c l e density with the increase of 
p a r t i c l e energy and mass i s observed. They find an 
energy-independent l i n e a r r e l a t ion between the maximum 
p a r t i c l e densi ty(ln a given pseudo rap id i ty in t e rva l ) 
and shower-particle mul t ip l i c i ty . 
245. 
SENGUPTA(K), SINGH(G) and JAIN(PL). Mul t ip l i c i t y 
d i s t r ibu t ions and t h e i r f luctuat ions in pseudors^Didily-
windows a t r e l a t i v i s t i c heavy-ion co l l i s ion . Physics 
Le t te r s B ; 213, 4; 1988, November* 548-53. 
Charged p a r t i c l e mul t ip l ic i ty d i s t r i bu t ions for 
I n e l a s t i c , non single d i f f rac t ive in t e rac t ions induced 
by ^^S a t 200 AGeV and ""^ O a t 200 and 60AG€V are 
presented for various pseudo rapid i ty i n t e r v a l s . The 
data are well described by a KWO d i s t r i bu t i on a t each 
118 
energy. The Cp-moments along with the universa l i ty 
of the plot(C«<n >-l) versus n„ in the nucleus-
^ s s 
nucleus and p-p co l l i s ions are discussed, 
246. , SaLPHER, STRANGE PARTICLE, 200 GeV. 
GAZDZICKI(M) and WENSVEN(M). Neutral strange p a r t i c l e 
production in S-S co l l i s ions a t 200 ^eV/nucleon. 
Nuclear Physics A; A498; 1989, Ju l i 375-83. 
Data on strange p a r t i c l e production i n S-S 
co l l i s ions a t 200 GeV/nucleon are presented and analyzed 
in order to study the volume dependence of the s trange-
ness production. The authors report on the y ie ld of 
ir and k* as a function of co l l i s ion c e n t r a l i t y . 
247. , SULPHER-SULPHER, HELIUM FRAGMENTS, 
MEAN FREE PATH, 200 ^eV. 
SINGH(G), SENGUPTA(K) and JAIN(PL). Mean free paths 
of multiple helium fragments produced by co l l i s ions of 
^^S ions a t 200 ^V/nucleon in nuclear emulsion. 
Physical Review C; 42, 6; 1990, December; 1757-9. 
The authors repor t the measurements on in t e r ac t ion 
mean free paths of the multiple He fragments produced 
by the co l l i s ions of ^^S ions a t 200 GeV/nucleon i n 
nuclear emulsion within espeEimental e r r o r s , the mean 
free paths have been foiind to be independent of the He 
mul t ip l ic i ty and the size of the t a rge t nucleus. 
248. , TRANSVERSE ENERGY CUT. 
KUIFA(Li), LIANSHOU(Lin), YAFEl(Shi), and GUISHU(Zhao). 
Transverse energy cut as c r i t e r i un for cent ra l events 
in high energy nucleus- nucleus c o l l i s i o n s . Modem Physics 
Let te r A; 4, 23* 1989, November; 2295-9. 
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The authors have discussed the significance 
of a t ransverse energy cut in choosing cent ra l 
nucleus-nucleus co l l i s ion events. Introducing a 
cha rac t e r i s t i c quanti ty, the nimber M^  of equivjalent 
energy sources in centra l co l l i s ion , the whole E^ 
d i s t r ibu t ion t a i l i s reproduced successfully. This 
provides a natural way for defining the E^ cas as a 
c r i t e r i a n for centra l events. The values of ^gqp and 
the corresponding E-, cut are both proport ional to the 
number of pa r t i c ipa t ing nucleous in cent ra l c o l l i s i o n s , 
showing t h a t t h i s method i s se l f -cons is ten t . 
249. , URANIUM-SILVER BROMIDE, PARTICLES, 
ASYMMETRY, A2IMUTHAL. 
SENGUPTA(K), SINGH(G) and JAIN(PL). Study of azirouthal 
assymetry between fas t and slow p a r t i c l e s from r e l a t i v i s -
t i c nuclear co l l i s ions . Europhysics Let ters* 5,2^ 1988, 
January** 135-8. 
The authors have observed azimuthal asymmetry of 
s ignif icant magnitude as a function of impact parameter 
between p ro j ec t i l e and t a rge t fragments emitted c o l l i -
sions of 0.96AGeV^^ nuclei with Ag(Br) nuclei of 
emulsion. This effect i s , however, not observed i n 
84 
co l l i s ions of two other l i g h t e r nuc le i , i . e . Kr a t 
1.52 AGeV and ''^0 a t 200 AGeV, with the same ta rge t 
nuclei i n emulsion. 
250. , URANIUM-SILVER BROMIEE, PROJECTILE-
TARGET FRACMENT, ANGULAR DISTRIBUTION, 0.85 GeV. 
HECKMAN(HH), KARANT(YJ) and FRIEELANDER(EM). Angular 
cor re la t ions between p r o j e c t i l e and t a r g e t fragments 
emitted from nuclear co l l i s ions of^^U a t 0.85AGeV. 
Physical Review C; 34, 4 ; 1986, October; 1353-41. 
120 
The authors report measurement on the angular 
d i s t r ibu t ions of and corre la t ion between, p r o j e c t i l e 
and t a rge t fragments emitted in high mu l t i p l i c i l y , 
per ipheral co l l i s ions of 0.85A GeV nuclei with 
AgBr nucle i . The observations are amendable to an 
in t e rp re ta t ion based on elemental two-body kinematics. 
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